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than cefoxitin** 


several times the half-life 
of cefoxitin’ 


single-dose prophylaxis/ 
twice-daily treatment 





Count on 





due to indicated organisms 
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For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE right l 
TREATMENT: CEFOTAN® (cefotetan mee) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 


i). 
tract ‘vel sad caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and non sme ag ah strains), Haemophilus influenzae 
a prey ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 


linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. A 
Gynecologic infections caused by cus aureus* (including penicillinase- and nonpenicil- 


Staphylococ 

nase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 

occi), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
8 ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 

and Peptostreptococcus pae. 

ntra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae*), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
8 thetaiotaomicron). 


- Bone and joint infections caused by Staphylococcus aureus.” 
reticay fr ri 


` causative organisms and to determine their susceptibilities to cefotetan. Thera 


this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
“ntibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
erious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with es Lag have been shown 
to be synergistic in vitro ien many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 
NOTE: if CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 

onged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 

Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
foie may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract ey and gastrointestinal em 


The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
rm ng oe section, CEFOTAN should be administered intravenously after the clamping 
um cord. 


if there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
the causative organism so that appropriate therapeutic measures may be initiated. 


CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
WARNINGS 


therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had us hy ivity reactions to c n disodium, cephalosporins, 


llins, or other is product should be given cautiously to penicillin-sensitive patients. 
should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to if an allergic reaction to C N occurs, discontinue the drug. 
Serious acute reactions may require —— and other emergency measures. 
Pseudomembranous colitis has been re with the use of cephalosporins (and other broad- 
> maby antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
ea in association with antibiotic use. 


Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Ch mine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
i of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
oes occur during therapy, appropriate measures should be taken. 

In common many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 


pore colitis. 

TION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, or headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
i n of alcoholic beverages following the administration of CEFOTAN. 

INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
pee it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
e. 


TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 

with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
nso and une — levels by Jaffe reaction and produce false increases in the levels of 

nine i 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


K 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prenperty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, aere t at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations, Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 

emaan i sipa occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in ; 

homset laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
Creo direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
ceo reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in j 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRAT 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 


e relevance of these 


mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
a a adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 
“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 

When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: = 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light, 
woe in 10 mL vial (NDC PaO ak vit in 20 mL via ag 0038-0377-20); 1 g in 100 mL vial 


0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
Manufactured for 
STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 
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a a The underlying concept of this text is one 
that should have immediate appeal not only to 
practitioners of the surgical art of urology but also 
to students at any level in the field. This text 
provides an opportunity to revisit seminal articles 
in the field of urologic surgery and also to view 
these contributions through the eyes of experts 
whose perspectives help to place the original work 
in the context of their current role in the urologic 
armamentarium...It thus comprises a current 
review of urologic surgery as well as a concomitant 
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critique of its history. 
-from the Foreword to the premier volume 
by Michael J. Droller, M.D. 


The second volume 


in an annual series 


CURRENT OPERATIVE UROLOGY 1990 is 
the second in an annual series of volumes 
presenting outstanding and highly respected 
articles in the field of urologic surgery. Each 
article is followed by critical reviews, in-depth 
commentary, and an overview of the subject 
by nationally and internationally recognized 
authorities. 


Survey of developing 
techniques 


Sections in this volume explore areas of cur- 
rent interest—areas in which new techniques 
and procedures are rapidly evolving. Each 
section surveys a particular disease state. Ar- 
ticles within the section examine the various 
surgical treatment alternatives. Following 
each article are the commentary, overview, 





and an annotated bibliography. Topics ex- 


amined in this volume are: 

m Renal Transplantation 

m Surgery for Female Urinary 
Incontinence 


m Prosthetic Surgery for Urinary 
Incontinence 


m Continent Urinary Diversion 
m Augmentation Enterocystoplasty 
= Surgery for Carcinoma of the Testis 


m Surgical Correction of Vesicoureteral 
Reflux 


m Management of Posterior Urethral 
Valves 


m Postnatal Obstructive Emergencies 
= Laser Photoradiation of the External 
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A keen perspective on 
how prior advances have led 
to current procedures 


This timely and effective approach helps you 
gain an understanding of state-of-the-art sur- 
gical techniques for each area of urologic sur: 
gery—and also an appreciation of the evolu- 
tion of each procedure and its potential for 
further developments. It also allows you to 
quickly assess and apply those techniques 
you deem necessary for surgical manage- 
ment of urologic disease. 


For an ongoing commentary 

on modern urologic surgery, 

order the current volume today! 
432 Pages. 193 Illustrations. 1990. 
(65-11562) $79.50. 
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Conservative Treatment of Early Breast Cancer: Long-term Results of 1232 Cases 

Treated with Quadrantectomy, Axillary Dissection, and Radiotherapy ...................... 250 
A detailed study of 1232 patients with carcinoma of the breast managed by quadrantectomy, axillary 

dissection, and radiation therapy with favorable results. Emphasis is placed on the importance of early 

diagnosis and treatment. 
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The morbidity and mortality after exploration of the common duct was shown to be low, with a morbidity 

rate of 7.4% and no deaths. 
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Carcinoma of the Esophagus Transplanted into Nude Mice ................................. 263 
The effects of epidermal growth factor on the growth of human breast carcinoma and esophageal carcinoma 

were evaluated by transplantation of the tumors into the subcutaneous tissue of nude mice. A growth- 

inhibitory effect was noted and was dose dependent. 
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In this experimental study the administration of supplemental vitamin A mitigated impaired wound healing 
in tumor-bearing animals receiving cyclophosphamid. 
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‘Straight. 


GORE-TEX® Vascular Grafts have 
been “consistently reported 
to have 24-month patency rates of 
over 70%.”' In addition, “the 
chance of successful revision at 
each failure is greater than 50%. 
The straight graft is available 
in 5mm, 6mm, and 8mm 
diameters with an optional 
orientation line. 


1. Bennion RS and Wilson SE. Hemodialysis 

and Vascular Access. Chapter 27 in Moore WS, 
ed. Vascular Surgery, Orlando, FL: Grune & 
Stratton, Inc.; 1986: 791-830. 

2. Etheredge EE et al. Salvage operations for 
malfunctioning PTFE hemodialysis access 

grafts. Surg 1983; 94:464-470. 
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“Hinsdale ahd colleagues Ringed B 
report that, when using this aS ee 
graft, they have seen a Many surgeons feel that = 
reduction in thrombosis - the 5cm of rings at the center J E 
-and arterial steal in of the graft help prevent any 
_ the elderly population.’ possible kink at the apex of © 
Bell and Rosental write a looped graft. The offset uM a 
“the 4 mm taper 7cm of rings are ideal when 
has virtually crossing the elbow. These — 
eliminated high-flow configurations are available | 4 
| situations...” in 6mm diameter. N 
The tapered graft for angio- a 
- access is available in 4-6mm, E 
4-7mm and 4-7mm diameters oa 
with removable rings. R 
3. Hinsdale JG, Lipkowitz GS, Hoover EL. a 
3 Vascular access for hemodialysis in the elderly: a 
Results and perspectives in a geriatric population. a: 
Dial Transpl 1985; 14:560-565. A 
4. Bell DD and Rosental JJ. Arteriovenous graft e 
life in chronic hemodialysis: A need for prolongation. 7 
Arch Surg 1988; 123:1169-1172. a 
ee 
For over 14 years, GORE-TEX” Eo 
Vascular Grafts have been used successfully J 
for angioaccess. w 
Over one million implants have proven that the grafts E 
provide the durability necessary for g 
a variety of patient needs. “= 


~ GORE-TEX Vascular Grafts 
ps for Angioaccess. q 
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Primary Liver Cancer in Japan: Clinicopathologic Features and Results of Surgical 
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The Liver Cancer Study Group of Japan reviewed 12,887 cases of primary liver carcinoma with evaluation 
of diagnostic procedures, surgical management, and survival. 


The Liver Cancer Study Group of Japan 
Kyoto, Japan 


Exogenous Transforming Growth Factor-Beta 2 Enhances Connective Tissue Formation 


and Wound Strength in Guinea Pig Dermal Wounds Healing by Secondary Intent ......... 


The effect of transforming growth factor-B at the site of acute injury was evaluated. The results showed that a 
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‘Management of Carcinoma of the Breast 


| 
he study by Veronesi and associates at the Instituto Nazionale per lo Studio e la Cura del Tumoria is of 1232 

l women treated by the quadrantectomy, axillary dissection, and radiation therapy (QUART) technique. It is 
l an extension of the authors’ experience with this therapy, which was first reported in their-1981 landmark 
study that demonstrated no difference in overall survival of patients with breast cancer who were treated by QUART 
compared to radical mastectomy. The present report emphasizes that patients with small primary tumors (less than 1 
cm) and minimal regional metastases (less than 1 re node involved) have a better prognosis than patients with 
more advanced disease. 

The conservative treatment of selected patients with carcinoma of the breast, by limited resection combined with 
X-ray therapy, is now an established practice in this country and abroad. There is controversy about the actual technique 
of surgical resection and some clinicians have argued that too much tissue is resected in the operative procedure used 
by the Milan group and that the cosmetic results are frequently unacceptable, especially in women with small breasts. 
Most surgeons believe that one need resect the carcinoma and sufficient surrounding tissue to assure negative margins 
on pathologic examinations. The performance of the accompanying axillary dissection is dependent on the location 

_ of the primary tumor and can be done in continuity; however the best cosmetic results are obtained if the axillary 
incision is separate from the breast incision. 

It has generally been shown that when adequate radiation therapy techniques are used there is no significant ditecen 
in survival comparing patients treated by radical surgery to those treated by limited resection and X-ray. Dr. Veronesi 
and his associates report a lower incidence of new breast carcinomas in the treated breast compared to the contralateral 
breast, suggesting that there is no carcinogenic effect of heavy irradiation on the treated breast. This has been a point 
of concern among clinicians caring for these patients, but at present there appears to be little evidence contrary to that 
presented by the authors. It is imperative that patients treated by these conservative regimens be followed carefully for 
long periods because both delayed recurrence of tumor and radiation-induced carcinomas, however unlikely, may not 
‘be evident earlier than 10 years after the primary therapy. 

The important contribution of Dr. Veronesi and his colleagues cannot be overemphasized because it represents a 
major advance in the therapy of patients with early carcinoma of the breast. It also calls to our attention the paramount 
importance of early diagnosis and treatment when the primary tumor is small and confined to the breast. It is the 
early detection of occult breast carcinoma, through aggressive screening programs, that will have the greatest impact 
on breast cancer survival rates. 

. SAMUEL A. WELLS, JR., M.D. 
St. Louis, Missouri 
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WHAT’S NEW IN GENERAL SURGERY 


Conservative Treatment of Early Breast Cancer 
Long-term Results of 1232 Cases Treated with Quadrantectomy, 


Axillary Dissection, and Radiotherapy 





U. VERONESI, B. SALVADORI, A. LUINI, A. BANFI, R. ZUCALI, M. DEL VECCHIO, R. SACCOZZI, E. BERETTA, 
P. BORACCHI, G. FARANTE, V. GALIMBERTI, G. MEZZANOTTE, V. SACCHINI, S. TANA, and E. MARUBINI 


One thousand two hundred and thirty-two women with invasive 
breast cancer lesions measuring less than 2 cm in diameter, clin- 
ically assessed as TıNo-:1Mo, were treated from 1970 to 1983 at 
the National Cancer Institute of Milan with quadrantectomy, 
axillary dissection, and radiotherapy (QUART). Pathologic ev- 
idence of lymph-nodes metastases was found in 32% of the pa- 
tients. Overall survival at 5 and 10 years from surgery was 91% 
‘and 78%, respectively. The cumulative probability of survival 
tends to decrease with increasing tumor size: the 7-year survival 
rate was 84% in cases in which lesions measured from 1.6 to 2.0 
cm, and 94% in cases in which the lesions were less than 0.5 
cm. Tumor site in the treated breast did not affect distant out- 
come. No difference was found between the patients without node 
metastases and patients with one node involved, whereas the 
patients with more than one node showed a lower probability of 
survival. The survival curves of 352 cases treated inside a ran- 
domized trial and that of 880 cases routinely treated appear to 
be superimposable. Local recurrences and new primary ipsilateral 
tumors were, respectively, 35 (2.8%) and 19 (1.6%); 56 women 
with local recurrences or second tumors underwent second sur- 
gery (total mastectomy, 43; wide resection, 11). Five of them 
died from distant spread of breast cancer, while 49 are alive and 
well. In the contralateral breasts 45 carcinomas were recorded 
during the follow-up time. The results of the present analysis of 
a large number of T, cases reconfirm the safety of integrated 
radiosurgical conservative treatments. 


and progress in early diagnosis have radically 

changed the characteristics of breast cancer pa- 
tients we see today compared to those observed in the 
past. Twenty years ago only a minority of patients pre- 
sented with tumors of less than 2 cm, while today ap- 
proximately 40% of treated cases are small cancers, at 
least in developed countries, and a further improvement 
is expected in the future. These are the main reasons for 
the development of breast conservation programs in the 
treatment of mammary. carcinoma. Other factors were 


F DUCATIONAL CAMPAIGNS, screening programs, 
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the failure of aggressive superradical surgery, new concepts 
concerning the natural history of breast cancer, and the 
increased patient demand for less mutilating surgery. 

The first randomized trial aimed at the preservation of 
the breast was carried out in London in the 1960s, but 
the results were not encouraging because they showed that 
patients treated with breast resection (without axillary 
dissection) and radiotherapy at the dosage of 30 to 38 Gy 
experienced a higher number of locoregional recurrences 
and a lower survival rate than those treated by Halsted’s 
mastectomy.’ | 

The first controlled study showing that a conservative 
treatment (quadrantectomy, axillary dissection, and ra- 
diotherapy with a dosage of 60 Gy) compares favorably 
with the Halsted mastectomy was performed at the Milan 
Cancer Institute, the first results of which were published 
in 1981.7 In this trial, 701 patients with breast tumors of 
less than 2 cm in diameter, without clinical axillary in- 
volvement, were randomized into one of the two treat- 
ment groups. The results after 12 years showed no statis- 
tical difference between the mutilating and the conser- 
vative treatment, both in terms of survival and local 
control of the disease.* The trial stressed the safety of this 
new conservative radiosurgical procedure as an alternative 
to radical mastectomy in the treatment of breast cancers 
of small size. 

The results of a French trial, published in 1983,* and 
of an American trial, published in 1985,° confirmed the 
reliability of this therapeutic approach. 

After the publication of the Milan study, quadrantec- 
tomy and other nonmutilating operations were extensively 
introduced into surgical practice in most western coun- 
tries. At the Milan Cancer Institute, by the end of 1987, 


¢ 


‘of the breast quadrant harboring the primary cancer, 
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more than 4000 patients had been treated with a limited, 
conservative procedure. 

The aims of this paper are (1) to measure the survival 
probability of a series of 1232 consecutive patients, ho- 
mogeneously treated with breast preserving therapy 
(QUART) according to a number of variables related to 
age of patients, characteristics of primary tumor, and ax- 
illary nodes; (2) to record unfavorable events (local re- 
currences, second primary breast carcinomas, contralat- 
eral carcinomas, distant metastases); (3) to compare sur- 
vival of patients treated inside a clinical randomized trial 
to that of patients treated routinely, outside any clinical 
trial; and finally (4) to consider the possible oncogenic 
risk of radiotherapy. 


Patients and Methods 


One thousand two hundred and thirty-two women with 
invasive breast cancer of less than 2 cm in diameter, clin- 
ically assessed as T,;No_;Mo, were treated from 1970 to 
1983 at the National Cancer Institute of Milan with 
quadrantectomy, axillary dissection, and radiotherapy 
(QUART). This case series consists of 352 patients treated 
with QUART in a clinical trial comparing this procedure 
to Halsted’s mastectomy (1973 to 1980) and 880 patients 
routinely treated with the same procedure outside the trial, 
mostly after the closure of trial patients’s accruals. 

The main characteristics of the whole series are shown 
in Table 1. In all patients the largest lesion diameter was 
2 cm or less. Pathologic evidence of lymph-node metas- 
tases was found in 32% of the patients. In most cases one 
node was involved and only in 2% of cases were more 
than 10 nodes metastatic. 


The Quadrantectomy 


Quadrantectomy is a term coined by one of us (U.V.), 


to define an operation consisting of the complete removal 
6,7 


including the skin and the superficial fascia of the major 


‘pectoralis muscle. The incision of the skin is elliptical 


with the major axis radial from the nipple. 

In all cases a complete axillary dissection was performed 
in continuity when the tumor was located in the breast 
tail. In the other cases, the dissection was done in discon- 
tinulty, mainly with an anteroposterior incision crossing, 
the axillary fossa in a downward direction. 


Radiotherapy 


Radiotherapy, as an integral part of the conservative 
treatment, was given in all cases starting 3 to 6 weeks after 
the operation and was limited to the ipsilateral breast tis- 
sue. As a rule, the regional axillary, supraclavicular, and 
internal mammary nodes were not irradiated. The breast 
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TABLE |. Main Characteristics of the 1232 Patients 
Variable Number % 

Site of Primary Tumor 

Outer quadrants 824 67 

Inner quadrants 408 33 
Age at Surgery (years) 

<35 95 8 

36-45 385 31 

46-55 401 32 

>55 351 28 
Pathologic Size (cm) 

<0.5 91 7 

0.6-1.0 430 35 

1.1-1.5 396 32 

1.6-2.0 257 21 

Not evaluable 58 5 
Axillary Nodal Metastases 

Absent 842 68 

Present 390 32 

1 Node 198 51 

2-3 Nodes 109 28 

>3 Nodes 83 21 
Postmenopause 496 40 
Histologic Type 

Ductal infiltrating 920 75 

Lobular infiltrating 163 13 

Others 149 12 


tissue was irradiated with either a linear accelerator or 
with a cobalt® unit. The two opposing tangential fields 
had an extension wide enough to cover the breast and the 
adjacent tissues. The fields were 16 to 20 cm long and 8 
to 12 cm wide. The lateral limit of the external tangential 
field overlapped the medial axillary line, while the medial 
limit of the internal tangential field was set 2 cm beyond 
the middle sternal line. When the breast tissue was of 
limited volume the two tangential fields allowed a dosage 
sufficiently homogeneous to the whole breast. When the 
breast was large and very prominent, it was necessary to 
use wedge filters to obtain a homogeneous distribution of 
the dosage. 

The daily dosage, calculated at the breast midplane, 
was 2 Gy, administered with the daily use of both opposite 
fields. With five weekly sessions, the requested dose of 50 
Gy was reached in 5 weeks. During the sixth week an 
overdose was delivered through a field of approximately 
12 X 8 cm around the tumor bed, with Roentgen therapy, 
or with 10-MeV electrons. 

The treatment was well tolerated, without serious my- 
elodepression, so that adjuvant chemotherapy, whenever 
indicated, could be administered at the normal doses. 


Adjuvant Treatments 


Of 390 patients with positive nodes, 271 (78.5%) re- 
ceived adjuvant systemic chemotherapy, which consisted 
of CMF regimen for 12 months (196 cases) or 6 months 
(32 cases), or CMF combined with Adriamycin in an al- 
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ternating scheme (43 cases); 23 patients with positive 
nodes did not receive chemotherapy but adjuvant radio- 
therapy on regional nodes, 45 patients did not receive any 
adjuvant treatment, while 19 postmenopausal patients 
received only tamoxifen for 1 year. 


Data Collection and Statistical Methods 


Data were carefully controlled by means of computer 
interactive programs. A team of surgeons and data man- 
_ agers updated in real time the follow-up of patients. : 

Death from all causes, first local failure, and distant 
metastases were taken as endpoints; times to each of these 
events were measured from the date of surgery. Patients 
lost to follow-up (6%) were inserted in the analyses as 
censored data. l 

The pattern of survival and local failure for the whole 
series were estimated by means of the product limit 
method? on the basis of a 10-year follow-up period. 

Because QUART entered into the routine use mainly 
after the end of the randomized trial, the results of the 
analysis considering different subgroups have referred to 


a maximum of 7-year follow-up time. Furthermore, tò 


enable comparison with reports in the literature, the results 
that referred to a 5-year follow-up time have been given 
also. 

The joint effect of the prognostic variables on the force 
of mortality was investigated by means of multiple regres- 
sion analysis. 

Preliminary graphical analyses suggested that the pro- 
portional hazard assumption was not tenable. On the other 
hand, the plots of log odds (probability of surviving/prob- 
ability of dying) against log time for all the categories of 
prognostic variables resulted in parallel straight lines. 
Therefore the role of each of these latter variables was 
investigated by resorting to a multiple log-logistic regres- 
sion model.? This was suitable for fitting breast cancer 
data also in previous papers. !™!? 

In the log-logistic regression model each of the partial 
regression coefficients (8i) (i = 1....p) is recognizable as 
- the log/odds ratio and it is constant in time.’ 

For patients classified in two prognostic categories and 
having the same survival experience, the statistics exp ({;) 
= J; is expected to be 1.0. For ð; less than 1 (3; more than 
1) patients classified in a given category have an odds of 
surviving lower (greater) than that of patients in the ref- 
erence category. 


Results 
Overall Survival 


At the time of the analysis the median follow-up was 
_72 months (range, | to 202 months): a total of 124 patients 
died from breast cancer and 35 from other causes. 

The overall survival of the whole series is shown in 
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Figure 1; the probability of surviving (with 95% confidence 
limits) at 5 and 10 years from surgery are estimated to be 
0.91 (0.89 to 0.93) and 0.78 (0.74 to 0.82), respectively. 

Survival according to factors such as patient age and 
site and size of the primary and nodal status was also 
calculated. 

Age at surgery. Patients were divided into four age 
groups. Survival curves of the four groups are shown in 
Figure 2. Seven-year survival probability ts 0.91 for pa- 
tients aged 46 to 55 years, 0.87 for the group aged 36 to- 
45 years, while the youngest group, women younger than 
35 years, and the-oldest one, women older than 55 years, 
have slightly lower probability (0.81 and 0.80, respectively) 
(Table 2). 

_ Site of primary carcinoma. Two thirds of the patients 
had a primary carcinoma situated in the outer quadrants. 
The survival rate according to the site of the primary car- 
cinoma, i.e., external and internal quadrants of the breast, 
is Shown in Figure 3. The two subgroups of patients have 
a similar pattern. 

Size of primary carcinoma. Forty-two per cent of the 
patients had a carcinoma of I cm or less in diameter, 
while 53% had a primary between 1.1 cm and 2 cm. In 
5% of the cases, the exact size was not evaluable, although 
clearly described as less than 2 cm. The survival curves 
according to the size of the primary carcinoma are shown 
in Figure 4. The cumulative probability of survival tends 
to decrease with increasing dimensions; the 7-year survival 
probability is 0.84 in the category of 1.6 cm to 2.0 cm, 
0.84 in the category of 1.1 cm to 1.5 cm, 0.87 in that of 
0.6 cm to 1.0 cm, and 0.94 in that of less than 0.5 cm 
(Table 2). 

Axillary node involvement. Nearly one third of the pa- 
tients (390, or 32%) had metastases in the axillary nodes. 
The survival of the four categories according to the num- 
ber of involved nodes is reported in Figure 5. 

No difference was found between the patients without 
node metastases and patients with one node involved, 
while the patients with more than one metastatic node 
show lower survival probability. 

The 7-year survival rate decreased from 0.86 in node- 
negative cases to 0.67 in cases with more than three nodes 
involved (Table 2). 

Multiple regression analysis. The first model adopted 
in the multiple regression analysis included all the above- 
mentioned variables. Due to the fact that site of primary 
carcinoma did not show any significant effect, a reduced 
model, including only the three remaining prognostic fac- 
tors, was adopted. 

Table 3 reports the estimates of coefficients together 
with their 95% confidence limits. Each of them allows the 
effect of the corresponding variable on the survival ex- 
perience after making allowance for that due to the other 
variables inserted in the model. It appears that a patient 
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with a tumor larger than | cm bears a worse prognosis 
than a patient with a smaller tumor; in fact the odds ratio 
is 0.78 with a 95% confidence limit (0.64 to 0.95). 

z For a woman aged 46 to 55 years, the odds of surviving 
is 1.6 as compared to that of a patient who is less than 35 
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years (reference category}, while the odds ratios for the 
remaining age groups of patients are not significantly dif- 
ferent from 1. 

Increasing numbers of involved axillary nodes appear 
to reduce the odds of surviving, with the best prognosis 
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TABLE 2. Five- and Seven-Year Survival of Patients, According to Age, 


VERONESI AND OTHERS 


Size of Primary and Axillary Node Metastases 


(95% Confidence Limits) 


Survival (%) 
Variables At 5 Years At 7 Years 
Age (years) 
<35 85 (77-92) 81 (73-90) 
36-45 92 (89-95) 87 (83-91) 
46-55 93 (91-96) 91 (88-94) 
>55 87 (83-91) 80 (75-85) 
Pathologic Size (cm) 
<5 96 (92-100) 94 (89-99) 
0.6-1.0 cm 93 (91-96) 87 (83-91) 
1.1-1.5 cm 89 (86-93) 84 (80-89) 
1.6-2.0 cm 84 (79-89) 84 (78-89) 
Axillary Metastases 
No metastases 92 (90-94) ` 86 (88-91) 
1 Node involved 91 (87-96) 89 (85-95) 
2~3 Nodes involved 87 (80-94) 79 (69-90) 
>3 Nodes involved 75 (65-86) 67 (54-80) 


in node-negative patients (reference category). The odds 
ratio decreases with the increase of the number of involved 
nodes and it is significantly different from 1.0 for the pa- 
tients with more than three involved nodes. 


Unfavorable Events 


Distant metastases. At the time of the analysis, a total 
of 171 patients had developed distant lesions. The cu- 
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mulative probability of developing distant metastases at 
5 and 10 years from surgery are estimated to be 0.12 (0.10 
to 0.14) and 0.20 (0.17 to 0.23), respectively. 

As in the analysis of survival, because the prognostic 
effect of tumor site was not statistically significant, the 
results of the multiple regression analysis presented in Ta- 
ble 4 concern three prognostic variables: age at surgery, 
tumor size, and axillary nodal status. 

Women who are younger than 35 years (reference cat- 
egory) have the worst prognosis, and the odds ratios range 
from 1.99 (more than 55 years) to 3.0 (46 to 55 years) 
and are all significantly different from 1.0. 

The odds of being free of metastases for a woman with 
a tumor measuring more than | cm 1s 0.73, as compared 
to that of a patient with a tumor measuring less than | 
cm. Increasing numbers of involved nodes appear to re- 
duce the odds of being free of distant metastases, with the 
best prognosis in N- patients (reference category); odds 
ratios decrease with the increase of the number of involved 
nodes and it is not significantly different from 1.0 only 
for the patients with one involved node. 

Ipsilateral recurrences and second tumors. Two possible 
local events may occur in the treated breast: local recur- 
rence and second tumor. In our series of cases, no nodal 
recurrence in the axilla was recorded. Because it is difficult 
to distinguish between recurrences and new ipsilateral tu- 
mors, all patients who experienced a local unfavorable 
event were carefully analyzed by a joint team composed 
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TABLE 3. Survival: Partial Regression Coefficients, Odds Ratios, and 
Their 95% Confidence Limits Estimated by Means of the 

Log-Logistic Regression Model 

Variables . 8 Odds Ratio 


Pathologic Size (cm) 


<l vs. >! =0.25* 0.78 (0.63~0.96) 

<1 vs. not evaluable 2023 0.79 (0.53~1.21) 
Age at Surgery (years) 

<35 vs. 36-45 0.25 1.28 (0.90-1.82) 

<35 vs. 56-55 0.44* 1.55 (1.07-2.24) 

35 vs. >55 —0.14 0.87 (0.62-1.23) 
Axillary Nodal Metastases 

N- ys. 1 N+ —0.11 0.90 (0.68~1.19) 

N-~ vs. 2-3 N+ —0.35* 0.70 (0.51-0.97) 

N~ vs. >3 N+ —0.89F 0.41 (0.30-0.55) 

* <0.05. 

+ <0.01. 


by a surgeon, a radiotherapist, a pathologist, and a diag- 
nostic radiologist. The following criteria were used: nod- 
ules localized in the skin or the subcutaneous tissue were 
considered local recurrences, as were intramammary 
nodules located within 3 cm of the scar of previous sur- 
gery. Intramammary nodules located more than 3 cm 
away from the site of the primary tumors were defined as 
new primary carcinomas. According to these criteria, 35 
local recurrences and 19 new primary ipsilateral tumors 
were recorded. The distribution of local recurrences, new 
ipsilateral primary carcinomas, and contralateral carci- 
nomas, according to age, location of primary lesion, and 
axillary nodal status is showed in Table 5. The median 
time from initial surgery was 35 months (4 to 170 months) 


for local recurrences, 58(21 to 131 months) for ipsilateral . 


tumors, and 41 (3 to 160 months) for contralateral tumors. 
Figure 6 shows the cumulative probability of developing 
a local recurrence, a second ipsilateral tumor, or a con- 
tralateral tumor as a function of time. 
Patients presenting with recurrences or secondary re- 
currences in the breast were usually treated with total 


TABLE 4. Distant Metastases: Partial Regression Coefficient, Odds 
Ratios, and Their 95% Confidence Limits Estimated by Means 
of the Log-Logistic Regression Model 


Variables B Odds Ratio 

Pathologic Size (cm) 

<I ys. >l —0.31* 0.73 (0.56-0.96) 

<1 vs. not evaluable 0.09 1.09 (0.58-2.09) 
Age at Surgery (years) | 

<35 ys. 36-45 0.90f 2.45 (1.61-3.77) 

<35 vs. 46-55 + 1.09+ 2.96 (1.92~4.58) 

<35 ys. >55 0.667 1.94 (1.27~2.96) 
Axillary Nodal Metastases 

N- ys. 1 N+ ~—(),20 0.82 (0.56-1.20) 

N— vs. 2-3 N+ ~0.734 0.48 (0.32-0.72) 

N- ys. >3 N+ —1.59ł 0.20 (0.14-0.30) 

* <0.05. 


t >0.01. 
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TABLE 5, Distribution of Local Recurrences (35), New Primary 
Ipsilateral Carcinomas (19), and Contralateral Carcinomas (45) 
According to Age and Size of Primary Carcinoma 


and Axillary Node Status 
No. of New No. of 
No. of Local Ipsilat. Contralat. 
Variables Recurrences Carcinomas Carcinomas 

Age at Surgery 

<35 6 3 6 

36-45 12 13 12 

46-55 9 2 14 

>55 8 l 13 
Pathologic Size (cm) 

<0.5 0 2 4 

0.6-1.0 10 5 14 

1.1~1.5 10 6 15 

1.6-2.0 10 4 7 

Not evaluable 5 2 5 
Axillary Metastases 

No metastases Zt I7 36 

] Metast. node 4 0 5 

2-3 Metast. nodes H l 2 

>3 Metast. nodes 3 I 2 


mastectomy. In |1 cases, however, it was possible to re- 
move the tumor mass with a new wide resection. Of 35 
women who underwent second surgery for local recur- 
rences, 5 died from the disease (after 9, 11, 14, 28, and 
87 months from relapse, respectively) while 30 are alive 
with no evidence of disease (follow-up time after relapse: 
median, 28 months; range, 1-109 months). 


Comparison of Patients In and Out of Trial 


Of 1232 patients, 352 had been part of a clinical trial 
comparing the QUART technique to Halsted mastec- 
tomy; the overall survival of the whole series (352 in and 
out of trial) is depicted in Figure 7. Among the 880 cases, 
769 patients were identified whose clinical and pathologic 
characteristics were comparable to those that had made 
the 352 cases eligible. These cases have been defined as 
superimposable. The other 111 cases were not considered 
superimposable, either because of different age (more than 
70 years), or because of clinical stage (clinically positive 
axillary nodes). 

A multiple log-logistic regression model was fitted to 
compare the overall survival and the distant metastases 
relapse patterns of patients treated in trial to the corre- 
sponding ones treated out trial, after adjusting for the three 
prognostic variables already commented on in the pre- 
vious sections. With both responses no statistically sig- 
nificant difference emerged. By adopting in-trial patients 
as the reference category, the odds ratios are 0.96 (0.76 
to 1.20) for survival and 0.86 (0.64 to 1.15) for distant 
relapse. 


Oncogenic Risk of Radiation 


Because all patients received radiotherapy on the op- 
erated breast (60 Gy), some scattered radiation reached 


Pa 


Vol. 211 « No. 3 CONSERVATIVE TREATMENT OF EARLY BREAST CANCER 257 
8 
%6 
P 
R 
O 
B 
) l A 4 
FIG. 6. Cumulative probabil- B 
ity of local recurrences, sec- l 
ond ipsilateral tumor, and L 
contralateral tumor. BE egies de cetedeunee’l 
ee Ofťśėąġş öůêůüüaaaaa AA, æo 
Y pa...“ 
DE a «208 ee ee oe 
T M 
0 1 2 3 4 5 6 7 8 9 10 
YEARS 





the contralateral mammary tissue. The quantity of radia- 
tion to the different portions of contraleteral breast varies, 
being much higher for the inner one Falf of the breast.!? 
Because the oncogenic effect of radiation is proportional 
to the dosage, one would expect an increased number of 
new primary mammary carcinomas i the heavily irra- 
diated breasts compared to the number of primary car- 
cinomas appearing in the contralatera. breasts. 

Our series shows, on the contrary, that 19 primary car- 
cinomas appeared in the ipsilateral _rradiated breasts, 
while 45 carcinomas occurred in the contralateral breasts. 
Moreover the distribution by site of those 45 cases does 
not show an increased incidence at the inner quadrants. 


Discussion 
The long-term survival curves of the 1232 cases of breast 


carcinoma of less than 2 cm in size trected with quadran- 


TABLE 6. Treatment of Patients who Had a Local Recurrence, a New 
Ipsilateral Carcinoma, and a Contralateal Carcinoma 


Breast 
Total Resection 
Number Mastectomy + RT 
Local recurrences 35 28 7 
Second ipsilat. carcinomas 19. 15 4 
7 


Contralateral carcinomas 45 17 2 


LOCAL RECURRENCE 


nee eee ee 





IPSILATERAL T. 


tectomy, axillary dissection, and radiotherapy reconfirm 
that the outcome of this conservative approach is good, 
as was already shown by our early randomized clinical 
trial.” A source of indirect evidence that the QUART 
procedure is not inferior to mastectomy in terms of sur- 
vival rates is the identity of the curves of the patient series 
treated inside and outside the clinical trial. This result 
shows that the QUART technique applied as a routine 
procedure in early breast cancer can achieve the same 
results obtained in patients treated within a clinical trial. 
This eliminates the doubts that sophisticated conservative 
procedures may give good results inside an investigational 
program (due to the optimization of all procedures and 
the choice of the best surgeons and radiotherapists), but 
may be risky when extended to the normal routine ac- 
tivity. 

As regards the prognostic significance of patients’ age, 
young women (those younger than 30 to 35 years) seem 
to have a worse prognosis than older women in terms of 
distant metastases. As far as overall survival 1s concerned, 
it appears that patients aged 35 years or less have a prog- 
nosis worse than that of patients aged 46 to 55 years, but ` 
not significantly different from that of patients aged 55 
years or older. This finding might reflect the different pat- 
tern of general mortality of these age groups. In fact a 
poorer outcome of the treatment had already been shown 
in two previous papers of ours’*!° for women under 40 
years; the survival rate was definitely lower than that of 
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older women, even for the N- subgroups. However it 
should be noted that the impact of age on survival rate is 
controversial. Some reports in the literature'*-!° and our 
recent study of 137 women”? showed no difference in 
prognosis between young and older women. However it 
is difficult to compare the latter study to the present one 
because it concerned women of a more selected subgroup 
(20 to 30 years old) collected through a long period of 
time (14 years) and treated with a large variety of oper- 
ations. 

It is debatable whether tumor site is related to survival 
rate. In the present series of cases, no difference was re- 
corded between the two subgroups of patients with tumors 
situated in inner or outer quadrants of the breast. The 
same conclusions had emerged from a previous study on 
743 consecutive cases of breast cancer that were surgically 
treated.'* This point seems to stress the futility of a more 
ageressive approach to tumors that are situated medially. 

Obviously the larger the tumor the worse the prognosis, 
especially as it relates to the risk of local failure. The results 
of the present study seem to demonstrate that, within the 
limits of 2 cm in major diameter, there is no significant 
difference in survival between minimal tumors (those that 
measure less than 0.5 cm) and those that are 2 cm. When 
related to tumor size to nodal axillary metastatic involve- 
ment, it should be considered that even minimal cancers, 
measuring less than 0.5 cm, bear a relatively high risk of 
nodal metastases—21.5% according to our previous 
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Fic. 7. Cumulative survival 
in patients treated inside a 
controlled randomized trial 
and in patients treated rou- 
tinely. 


YEARS 


study?! of 88 invasive microcarcinomas. This is a reason 
more in favor of a complete axillary dissection. 

It was not a surprise to record, in our series, the differ- 
ences in survival for subgroups according to nodal status 
and to the number of involved nodes. It is well known 
that the number of involved nodes is the most relevant 
factor in the assessment of prognosis.?? 7 In the present 
series, there was almost no difference in survival between 
node-negative women and those with only one node ef- 
fected. Could this result be due to adjuvant chemotherapy? 
It is actually difficult to answer this question. In fact, ad- 
juvant chemotherapy could have exerted a major effect 
in the presence of a minimal residual disease, but a con- 
clusion of this type would appear to be inappropriate in 
this context because the data was retrospective. 

The low rate of local recurrences after QUART rep- 
resents an interesting and remarkable result. Only 35 
women of 1232 (2.8%) experienced a recurrence of the 
removed primary tumor. The criteria according to which 
this lesions were distinguished from second tumors were 
previously described. Even when considering as a whole 
the recurrences and second-tumor rate, this would account 
for 4.3% of the total, a lower rate than those reported in 
the literature from two similar controlled studies, with 
rates of 6%* and 7.7%° at 5 years. The local recurrence 
rates after QUART or similar conservative procedure are 
not higher than those reported for patients with early can- 
cers treated by radical traditional surgery.** Furthermore, 
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because only 5 women died of the 35 who underwent 
second surgery, it seems that local recurrences after 
QUART do not affect distant survival to the same extent 
as recurrences after traditional surgery do. 

The incidence of second tumors in the irradiated 
breasts, 1.5% of the total, lower than that observed 1n the 
contralateral breasts, allows the conclusion that, at least 
within 10 years from the treatment, heavy irradiation of 
the breast does not increase the risk of new cancers. 

Present results prove that it is time to abandon any 
doubt about the safety of conserving treatments for breast 
cancer of small size. This does not mean that any question 
on the subject has been answered. On the contrary, the 
problem of local recurrences and second tumors represents 
a stimulating challenge. A more precise knowledge of risk 
factors for local failures and new ipsilateral tumors would 
be very useful to better tailor the indications to limited, 
nonmutilating treatments. A thorough analysis of local 
unfavorable events observed in our total series of cases, 
treated in 1988, is in progress at the National Cancer In- 
stitute, Milan. 
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100 Consecutive Common Duct Explorations 


Without Mortality 





T. N. PAPPAS, M.D., T. B. SLIMANE, M.D., and D. C. BROOKS, M.D. 


It has been suggested that the incidence of morbidity and mor- 
tality after common duct exploration no longer justifies its use 
in patients with a gallbladder in situ. Therefore endoscopic 
sphincterotomy has been advocated for removal of common duct 
stones before cholecystectomy in selected patients. The purpose 
of this study was to determine our current rate of retained com- 
mon duct stones and the morbidity and mortality rates associated 
with common duct exploration. Charts of 100 consecutive patients 
who underwent cholecystectomy and common duct exploration 
from January 1982 through December 1986 were reviewed. In- 
` dications for duct exploration included jaundice, dilated common 
bile duct, gallstone pancreatitis, multiple small stones, and ab- 
normal intraoperative cholangiogram. Common duct exploration 
was done by manual technique or choledochoscopy, as determined 
by the surgeon’s preference. Only two patients required duoden- 
otomy for extraction of difficult stones. There were no deaths in 
this series of consecutive common duct exploration. The total 


morbidity rate was 15.7%, which included a 5.3% incidence of- 


- retained common duct stones. There was a 7.4% major compli- 
cation rate, including deep vein thrombosis, bleeding gastric ulcer, 
and pneumonia. The remaining complications were minor and 
did not prolong hospitalization. There was one wound infection 


and no postoperative pancreatitis. None of the complications 


were directly attributable to choledochotomy or duct exploration. 
All retained common duct stones were removed by endoscopic 
retrograde cholangiopancreatography or by angiographic basket 
and did not require reoperation. It is concluded that operative 
common duct exploration not requiring duodenotomy is safe and 


does not appreciably increase the incidence of complications after: 


cholecystectomy. Endoscopic sphincterotomy continues to be the 
preferable alternative to operative common duct exploration for 


` 


From the Duke University Medical Center, Durham, North 


Carolina, Charles Nicole's Hospital, Avril, Tunis, and 


Brigham and Women's Hospital, Boston, Massachusetts _ 


there is debate as to whether patients with gallbladders in . 


situ should have their common ducts cleared by endo- 
scopic means.” The endoscopic controversy is based on 
comparison of morbidity and mortality statistics for the 
operative versus the nonoperative approach. Endoscopic 


removal of common duct stones is successful in 80% to | 


90% of patients, with the mortality rate of less than 1%.’ 
Associated morbidity is also less than 15%. In contrast 


_ the published mortality rate for cholecystectomy and 


common duct exploration ranges from 3% to 5%, with 
the morbidity rate approaching 25% to 30% in some re- 
ports.*° Unfortunately the endoscopic data has been gen- 


erated in the’ most recent decade, the 1980s, while the- 


operative morbidity and mortality rates are usually quoted 


from the 1960s and 1970s. The purpose of this study is ` 


to retrospectively review 100 consecutive common duct 
explorations to determine the incidence of retained stones 


and to determine the morbidity and mortality rate of this - 


procedure using the most current operative approaches 
and techniques. 


patients with retained common duct stones. ; x 
Materials and Methods 
; The charts of 100 consecutive patients undergoing 
RADITIONALLY STONES IN the common bile duct common duct exploration at the Brigham and Women’s 
have been treated by common duct exploration. ' Hospital during the period from January 1982 to Decem- 
Recently it has become apparent that endoscopic ber 1986 were retrospectively reviewed and data was col- 
removal of common duct stones is not only feasible but lected on (1) indication for common duct exploration, 
extremely safe. While it is clear that postoperative retained (2) urgency status of the procedure, (3) the operative find- 
common duct stones are best removed nonoperatively,' ings, and (4) the technique of common duct exploration, ` 
ii including the use of the choledochoscope. All complica- 
De tions were recorded. Mortality was defined as all deaths 
ee ree ee occurring within 30 days of operation or during the hos- 
Medical Center, Department of Surgery, Box 3479; Durham, NC 27710. ya 
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pitalization if it exceeded 30 days. Morbidity was defined 
as any adverse outcome that occurred after operation but 
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before discharge. Adverse outcomes that occurred before 
operation and continued in the postoperative period were 
not characterized as morbidities. Complications were 
characterized as major or minor, depending on whether 
they prolonged hospitalization (major complications). 
Stones that were retained after common duct exploration 
were carefully noted and were included as complications. 
Care was taken to note whether the complications could 
be directly attributed to the duct exploration. Postoper- 
ative T-tube cholangiography was used as the primary 
evidence for retained common duct stones. 


Results 


One patient in this series of 100 consecutive patients 
was excluded because of cholangiographic and operative 
findings of sclerosing cholangitis. Four additional patients 
were excluded due to inadequate postoperative docu- 
mentation in the patient’s record with respect to compli- 
cations, although there were no deaths in this group. Total 
postoperative morbidity was 15.7%. This included a 5.3% 
incidence of retained common duct stones. Thirty-five 
per cent of the cases were done on an urgent or emergent 
basis and 60% (9 of 15) of the complications occurred in 
this group. No complication occurred as a direct result of 
duct exploration. The details of the morbidities are noted 
in Table 1. There were no postoperative deaths among 
these consecutive unselected patients. 

Ninety-three of ninety-five patients had a T tube placed 
after common duct exploration. The remaining two had 
common duct exploration with a flexible choledochoscope 
through an enlarged cystic duct stump and, after having 
no stones found, it was the surgeon’s preference to ligate 
the cystic duct without insertion of a T tube. Neither of 
these two patients experienced postoperative complica- 
tions. Of the remaining 93 patients, all had postoperative 
T-tube cholangiograms 5 to 11 days after operation but 
before discharge or as an outpatient. Retained common 
duct stones were determined by the presence of filling 
defects that were clearly reproducible on multiple injec- 


TABLE |. Morbidity Afier Cholecystectomy and Common 
Duct Exploration 


Number of 
Morbidity Patients 
Urinary tract infection 
Ileus 
Retained stone 
Wound infection 
Deep vein thrombosis 
Pneumonia 
Renal failure (resolved) 
Pulmonary edema ` 
Bleeding gastric ulcer 
Prolonged fever 
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TABLE 2. Indication Jor Common Duct Exploration 


Number of 
Indication Patients 
Jaundice 22 
Gallstone pancreatitis 19 
Enlarged common duct (intraoperative) 18 
Multiple small stones 13 
Abnormal cholangiogram l1 
Cholangitis 3 


tions and multiple fluoroscopic conditions. All retained 
common duct stones were extracted nonoperatively. En- 
doscopic retrograde cholangiography (ERCP) was used in 
three patients and two patients had percutaneous basket- 
ing. Of the five cases of retained common duct stones, 
four were residual stones that were left with the knowledge 
ofthe surgeon, who suspected that the patient was at great 
risk for a duodenotomy. One retained stone was unex- 
pected. Two patients in this series required duodenotomy 
or biliary bypass at the time of the original surgery. One 
of these patients suffered a prolonged ileus. 

The mean age of these 100 consecutive patients was 
52.7 years, and the female to male ratio was 2.2 to 1. The 
indications for duct exploration are noted in Table 2. 
Thirteen per cent of the patients had stones retrieved on 
exploration of the common duct. Several other patients 
had stones that were manually pushed through the am- 
pulla at exploration and were not retrieved. 

Operative procedures on these patients included cho- 
lecystectomy in 92 patients. The remaining patients had 
previous cholecystectomies. Common duct exploration 
was carried out by standard techniques. Longitudinal 
choledochotomy was made and manual exploration of 
the common duct was accomplished with a combination 
of red rubber irrigation catheters and stone forceps. Forty- 
eight of the ninety-three patients also underwent intra- 
operative choledochoscopy with flexible (37 patients) or 
rigid scope (12 patients), the type of scope determined by 
the operating surgeon. After common duct exploration, 
a T-tube cholangiogram was performed in 92% of the 
patients. 


Discussion 


This retrospective review demonstrates that common 
duct exploration can be performed with a very low mor- 
bidity rate and with no deaths. Importantly no compli- 
cation was directly attributable to duct exploration. This 
data is in contrast to multiple previous studies that have 
demonstrated a relatively high incidence of postoperative 
deaths and complication after common duct explora- 
tion.*° The improved nature of our postoperative statistics 
can be attributed to a wide variety of factors. 

As is noted in the Results section, several of these pa- 
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tients underwent urgent or emergent operation, which 
suggests that there was a relatively high-risk patient group. 
Most of the complications occurred in patients undergoing 
urgent or emergent operations. Our relatively low inci- 
dence of positive common duct exploration is consistent 
with previous findings that higher mortality rates are al- 
ways encountered when common duct stones are found 
at exploration. Negative explorations are usually ac- 
companied by very low incidences of morbidity and 
mortality.*° 

We also report a very low incidence of duodenotomy 
in this series (less than 2%). The requirement of duoden- 
otomy or intestinal bypass to treat difficult-to-extract 
stones is associated with a dramatic increase in the number 
of deaths and complications.’ Duodenotomy to avoid a 
retained stone should be done only in low-risk patients. 

As with many relatively complex operations, trends 
over the past several years have suggested that morbidity 


and mortality rates have fallen, despite an aging popula- 


# 


_ tion and patients at higher risk.*° In addition modern 


intraoperative cholangiographic and endoscopic tech- 
niques coupled with careful postoperative care have un- 
doubtedly improved the morbidity and mortality rates. 
Advances in anesthetic management, critical care moni- 
toring, and pharmacology have all produced safer and 
efficacious surgery. 

The lower morbidity and mortality rates with common 
duct exploration as documented in this study have an 
important bearing on decision making in reference to 
treatment of common duct stones. Gastroenterologists 
have suggested that ERCP should be used to extract com- 
mon duct stones, either before cholecystectomy or in lieu 
of operation.” This is based on the fact that ERCP is 
successful in approximately 80% to 90% in clearing the 
common duct and is associated with a relatively low in- 
cidence of recurrent common duct disease.' It has been 
suggested that before elective cholecystectomy, the com- 
mon duct should be cleared by ERCP to produce a lower 
morbidity rate than the combination of cholecystectomy 
and common duct exploration does.® Our data support 
the more traditional approach of cholecystectomy and 
common duct exploration, leaving ERCP to treat inten- 
tional or unintentional retained stones. If the decision to 
perform a duodenotomy is carefully made in low-risk pa- 
tients, as it was in our series, acceptably low morbidity 
rates can be achieved while subjecting few patients to the 
small but real additional risks of ERCP. 

Patient selection should be the primary issue when the 
clinician is faced with choosing ERCP and sphincterotomy 
versus cholecystectomy and common duct exploration. 
Certainly patients in the elderly population with multiple 
comorbid conditions should reasonably be considered for 
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ERCP and sphincterotomy, thus avoiding the very high 
morbidity and mortality risks associated with biliary tract 
surgery in these patients. In contrast relatively young pa- 
tients without comorbid conditions clearly benefit by re- 
moval of their gallbladder and operative clearance of their 
common bile duct. Short-term (3-year) follow-up of pa- 
tients who have had sphincterotomy alone for the treat- 
ment of common duct stones demonstrates a 16% inci- 
dence of cholecystitis if stones are present in their gall- 
bladders.” When follow-up is extended beyond 3 years, 
the incidence of recurrent biliary tract disease will un- 
doubtedly increase, and therefore young patients will likely 
benefit from early operation rather than ERCP. 

We present a series of consecutive common duct éx- 
plorations with very low morbidity (15.7%) and mortality 
(0%) rates. Four of five retained stones were left inten- 
tionally, thus avoiding the added risk of duodenotomy. 
All five patients had their retained stones removed non- 
operatively without complications. We recommended that 
operative cholecystectomy and common duct exploration 
continue to be the first line of therapy for stone disease 
of the gallbladder and bile duct. Duodenotomy for diffi- 
cult-to-extract stones should be reserved for the low-risk 
patient, while an intentionally retained stone in a high- 
risk patient is best managed by postoperative ERCP. Pa- 
tients with common bile duct stone symptoms and 
asymptomatic gallbladder stones may be safely treated 
with ERCP alone if they are elderly and represent a pro- 
hibitive operative risk. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 





Strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spo. 
leo K pneumoniae’), Proteus mirabilis.* Bacteroides fragilis. * 
nterobacterspp..* and Acinetobacter calcoaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K pneumoniae*). Bacteroides 
spp. (including B. fragilis), and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp.* (including B. fragilis*). 
*Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above, infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN dueto its ampicillin 
content. Therefore, mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS. IF 
AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis. In patients treated wit? 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gona should be kept in mind during therapy If superintections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations ot 
ampicillin may result in false positive reactions when testing for the 
eae af glucose in urine using Clinitest’. Benedict's Solution or 
ehling’s Solution. It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix” or Testape ~) be 
used. Following administration of ampicillinto pregnant women, atransient 
decrease in plasma concentration of total conjugated estriol, es- 
triolglucuranide, conjugated estrone, and estradiol has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 

regnancy 
Pregnancy Category B: Reproduction studies have been performed inmice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus cue to 
UNASYN. There are. however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus, prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ts generally well tolerated. The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
Peng. nausea. vomiting. candidiasis, fatigue. malaise. headache. chest 
pain, flatulence, abdominal distension, glossitis, urine retention. dysuria., 
edema, facial swelling. erythema, chilis, tightness in throat. substerna! 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were: 

AE increased AST (SGOT). ALT (SGPT). alkalıne phosphatase. and 

Hematologic: Decreased hemoglobin, hematocrit. RBC, WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes, mono- 

cytes. basophils, eosinophils, and platelets 

Blood Chemistry: Decreased serum albumin and total proteins 

Renal: Increased BUN and creatinine. 

Urinalysis: Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-ciass 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis, stomatitis, black “hairy tongue, enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria, erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
steroids. Whenever such reactions occur, the drug should be discontinued, 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS). 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 


strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp * 
(including K. pneumoniae*), Proteus mirabilis.* Bacteroides fragilis. * 
Enterobacter spp. .* and Acinetobacter calcoaceticus.* 

Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp. (including K. pneumoniae*), Bacteroides 
spp. (including 8. fragilis), and Enterobacter spp. * 

Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli. * and Bacteroides spp.* (including B. fragilis*) 

*Efficacy for this organism in this organ system was studied in fewer than 10 
infections 

While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
Organisms are also amenable to treatment with UNASYN due to its ampicillin 
content. Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible 70 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS. IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida). the drug should be discon 
tinued and/or appropriate therapy instituted 

Drug Interactions: Probenecid decreases the renal tubular secretion ot 
ampicillinand sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurino 
administered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to then vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
poo af glucose in urine using Clinitest’’. Benedict's Solution or 
ehling’s Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix™ or Testape™) be 
used. Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolglucuronide, conjugated estrone, and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 
Pregnancy Category B: Reproduction studies have been performed inmice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the-fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not a’ways 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions, height of contractions. and duration of contractions. How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects onthefetus, prolongs the 
duration of labor, or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ıs generally well tolerated. The following adverse reactions nave 
been reported 
Local Adverse Reactions 
Pain at IM injection site—16% 
Thrombophlebitis—3%o 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
itching. nausea. vomiting. candidiasis, fatigue, malaise. headache chest 
pain, flatulence, abdominal distension, glossitis, urine retention. dysuria 
edema, facial swelling. erythema. chills. tightness in throat. substernal 
Pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 
Hepatic: Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 
LDH 
Hematologic: Decreased hemoglobin, hematocrit. RBC. WBC. neu- 
trophils, lymphocytes. platelets and increased lymphocytes, mono- 
cytes, basophils. eosinophils, and platelets 
Blood Chemistry. Decreased serum albumin and total proteins 
Renal. increased BUN and creatinine 
Urinalysis: Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
Steroids. Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Growth-inhibitory Effects of Epidermal Growth 
Factor on Human Breast Cancer and Carcinoma 
of the Esophagus Transplanted into Nude Mice 





The present work was performed to clarify the effects of epi- 
dermal growth factor (EGF) on the growth of human breast can- 
cer and carcinoma of the esophagus. Human breast cancer MX- 
1, UM-1, and esophageal cancer ES-4 were transplanted to the 
subcutaneous tissue of nude mice. Human EGF (2 ug) was in- 
jected locally into the subcutaneous tissue surrounding the tumor. 
The tumor growth was followed for 7 days after treatment, and 
the estimated tumor weight, tumor doubling time, tumor growth 
curve, tumor growth rate, and results from histologic examination 
were used to evaluate the effects of EGF on the growth of tumors. 
We investigated the dose effect on the growth of these tumors 
using various concentrations of EGF. We also studied the EGF 
receptor status of these transplanted tumors and its effect on the 
influence of EGF treatment. A growth-inhibitory effect was noted 
in these three tumors with 2 ug of EGF. EGF inhibited growth 
of ES-4 tumor in a dose-dependent manner. Treatment with 2 
ng of EGF or saline did not inhibit growth. However treatment 
with 20 ng or 200 ng of EGF inhibited growth in proportion to 
the concentrations. All tumors were positive by the EGF receptor 
binding assay. The efficacy of EGF treatment correlated with 
EGF receptor levels. EGF receptor levels were also influenced 
by EGF treatment. These results suggest that human EGF 
showed an anti-tumor effect on MX-1 and UM-1 breast cancer 
and also on ES-4 esophageal cancer. 


studies,’ transforming growth factor a and/or 

epidermal growth factor (EGF) appears to be a 
hormonally regulated positive growth factor and trans- 
forming growth factor 6 appears to be a negative growth 
factor in human breast cancers. In general hormones have 
multiple modulatory activities according to the concen- 
tration. For example, a low concentration of estradiol is 
a positive growth factor for breast cancers, although a 
high concentration of estradiol is a negative growth factor 
for breast cancer.’ From our clinical experience in estrogen 
therapy’ for recurrent breast cancer using high-dose DES 
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or estradiol, and the negative growth effects of EGF in 
human breast cancer cell tissue cultures,'° the hypothesis 
that a high concentration of EGF is a negative growth 
factor in human breast cancer has been extended to in- 
clude an in vivo study. On the other hand, EGF is also a 
growth factor for squamous cells. However, growth-in- 
hibitory effects of EGF and overexpression of its receptor 
in cultured human squamous cell carcinoma has been 
reported.'' Consequently we investigated the effects of 
human EGF on the growth of human breast cancer and 
esophageal cancer transplanted into nude mice to clarify 
the anti-tumor effects of human EGF. 


Materials and Methods 
Animals 


Adult athymic nude mice (SPF/VAF Crj: CD-1 (IcR)- 
nu; Charles River Japan, Inc., Atugi, Kanagawa, Japan) 
weighing 30 to 40 g were housed under specific pathogen- 
free (SPF) conditions. 


Tumors 


Two tumors obtained from human breast cancer were 
used. MX-1 was isolated from a human female breast 
cancer in 1974 at the National Cancer Institute (NCI) of 
the United States. MX-1 does not have estrogen receptors. 
A second primary tumor, UM-1, was isolated from a Jap- 
anese breast cancer patient in our laboratory. UM-1 dem- 
onstrated resistance to anti-estrogen therapy. UM-1 is a 
homogeneous tumor from histologic sections. Histologi- 
cally MX-1 is a poorly differentiated duct cell carcinoma 
and UM-1 is an invasive ductal carcinoma. The second 
transplanted generation was used for the experiment. 
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Es-4, transplanted in 1975 from a primary esophageal 
carcinoma of a 54-year-old man, was a moderately dif- 
ferentiated squamous cell carcinoma. !? 


Experimental Protocol 


Breast cancer. A piece of tumor was transplanted to 
the subcutus of the back of athymic female nude mice. 
The transplanted tumor volume was about 27 mm? (3 
mm X 3 mm X 3 mm). Two micrograms of EGF in 0.2 
mL of 1/100N CH3;COOH as a solvent or 0.2 mL of the 
solvent alone was injected subcutaneously around the tu- 
mor 13 days after transplantation. The animals were ex- 
amined every day for tumor growth and the diameter of 
the tumor was measured with calipers in two perpendic- 
ular directions (breadth and width) for 7 days after treat- 
ment. 

Mice with an MX-1! tumor were divided into three 
groups. The first group included five mice that received 
no injections and served as a no-treatment control. The 
second group included five mice which received an injec- 
tion of 0.2 mL of solvent. The third group included 7 
mice which received an injection of 2 ug of EGF in 0.2 
mL of solvent. 

Mice with an UM-1 tumor were divided into three 
groups. The first group was a control group that consisted 
of five mice that received no injections. The second group 
consisted of five mice that received local injections of 2 
ug of EGF in 0.2 mL of solvent. The third group consisted 
of four mice that received only local injections of 0.2 mL 
of solvent. 

The estimated tumor weight, tumor doubling time, tu- 
mor growth curve, tumor growth rate, and histologic 
findings were recorded to evaluate the effects of EGF on 
tumor growth in tumors transplanted to nude mice. The 
estimated tumor weight (W) was calculated as follows: W 
= long length X short length 7/2. 

The tumor growth rate was defined as Wb/Wa where 
Wa is the estimated tumor weight 13 days after trans- 
plantation (before treatment), and Wb is the estimated 
tumor weight 7 days after treatment. 

The tumor was removed 7 days after treatment and 
stored at —80 C for histologic examination and EGF-R 
assay. 

Carcinoma of the esophagus. A piece of esophageal 
cancer cell line Es-4 tumor (3 mm X 3 mm X 3 mm) was 
transplanted into the subcutaneous tissue of each of the 
backs of adult athymic male nude mice. The tumors were 
divided into three groups: the untreated control group, 
the solvent-injected group, and the EGF-treated group. 
Human EGF (2 ug) in 0.2 mL of solvent was subcuta- 
neously injected around the tumor 6 days after trans- 
plantation. The solvent was phosphate-buffered saline, pH 
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7.4 (0.16 g of NaH2P04 plus 0.76 g of Na2HP04 plus 
0.44 g of NaC1/100 mL). After treatment the anti-tumor 
effect of EGF was investigated by evaluating the tumor 
growth rate and the tumor growth curve for 7 days. The 
tumor growth rate was defined as the ratio of Wb/Wa 
where Wa was the estimated tumor weight 6 days after 
transplantation (before treatment), and Wb was the esti- 
mated tumor weight 7 days after treatment. The dose- 
dependent effects on h-EGF were investigated using 2 ng, 
20 ng, and 200 ng of h-EGF. Transplanted tumors were 
surgically removed 7 days after treatment and were stored 
at —80 C for EGF-R assay. 


EGF-Receptor Assay 


EGF-receptor (EGF-R) binding capacity was deter- 
mined according to the method described previously, by 
Fitzpatrick et al.'* Tumor specimens were minced and 
homogenized using several intermittent bursts of a Poly- 
tron in ice-cold buffer. The homogenate was then centri- 
fuged at 105,000g for 30 minutes, and the pellet was as- 
sayed for EGF-R. Membrane pellets were resuspended in 
phosphate buffer and centrifuged at 2000g for 10 minutes, 
and the supernatant was assayed for EGF-R. Aliquots of 
the membranes were incubated with '7°I-EGF (1 nM) in 
the presence (nonspecific binding) or absence (total bind- 
ing) of unlabeled EGF (100 nM) for 1 hour at 25 C ina 
final reaction volume of 110 uL. The binding was stopped 
by addition of 2 mL of ice-cold phosphate buffer con- 
taining bovine serum albumin (5 mg/mL) and filtered 
through 0.22-um pore filters (Gelman GA-8). The incu- 
bation tubes and filters were washed twice with 2 mL of 
phosphate buffer containing bovine serum albumin, and 
the filters were counted in a Beckman 4000 dual-channel 
gamma counter. Specific binding was calculated by sub- 
tracting nonspecific binding from total binding, and results 


TABLE |. Effects of Epidermal Growth Factor on the Growth of 
Human Breast Cancer Transplanted into Nude Mice 


Growth Rate 
Treatments (Mean + Standard 
Tumors (Number of Tumors) Deviation) 
MX-I None (control) (N = 5) 3.4 0:3 
> p< 00 
EGF in solvent (N = 7) 1.8+0.5 
> p< 0.01 
Solvent alone (N = 5) 2.7 + 0.5 
UM-I None (control) (N = 5) 


3.142 

= p < 0.01 
0.7 + 0.4 

> p< 005 
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EGF in solvent (N = 5) 


Solvent alone (N = 4) 
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expressed as fmol bound per milligram of membrane 
sin as measured by Lowry et al.' 
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3 S Human EFG was obtained from Wakunaga COLT 
= (Hiroshima, Japan).'° EGF was synthesized biochemically 
-~ from the amino-acid sequence reported by Gregory. '6 
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Statistical analysis was determined using Student’s t 
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Fics. 1A and B. (A) Section of MX-1 
control tumor on the 20th day after 
transplantation into a nude mouse. H 
& E, X100 (original magnification). (B) 
Section of MX-1 tumor after local in- 
jection of EGF on the 20th day after 
transplantation into a nude mouse. H 
& E, X100 (original magnification). 
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EGF AND GROWTH OF BREAST AND ESOPHAGEAL CANCERS 


Results 


Effects of EGF on the Growth of MX-1 Human Breast 
Cancer 


Seventeen of 20 mice with transplantations developed 
tumors. The doubling time of the five untreated control 
tumors was 4.7 + 0.5 days (mean + SD). The growth rates 
of the untreated control tumors, EGF-treated tumors, and 
solvent-injected tumors were 3.1 + 0.3, 1.8 + 0.5, and 
2.7 + 0.5, respectively. As shown in Table 1, the growth 
rate of the EGF-treated tumor was significantly lower than 
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that of either the untreated control tumor or the solvent- 
injected tumor (p < 0.01). In addition, we studied the 
histologic change of the tumor induced by EGF injection. 
Figure 1A illustrates the histology of the tumor 20 days 
after transplantation. There was no change in the control 
tumors. However, as illustrated in Figure 1B, necrosis of 
the EGF-treated tumor demonstrates the therapeutic effect 
of EGF injection. 


Effects of EGF on the Growth of UM-1 Primary Human 
Breast Cancer 


All 14 mice developed tumors after transplantation. 
The doubling time was 3.7 + 0.7 days in the untreated 
control tumors. EGF injection caused tumor regression 
and, in one case, the tumor disappeared within 7 days 
after injection. Solvent-injected tumors showed the same 
growth curves as control tumors. In addition, the second 
injection of 3 ug of EGF also suppressed the tumor growth. 
The growth rates of control tumors, EGF-treated tumors, 
and solvent-injected tumors were 3.1 + 2, 0.7 + 0.4, and 
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Fic. 2. Growth curve of the carcinoma of esophagus ES-4 transplanted 
in nude mice. O —— O EGF-treated tumor; @ ——— @ Control tumor; 
© © Solvent-injected tumor. 
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TABLE 2. Tumor Growth Rates After EGF Treatment of Carcinoma of 
ES-4 Esophageal Cancer Transplanted into Nude Mice 


Tumor Growth Rate (Mean + SD) 


Treatment (Number of Tumors) 
EGF in solvent 1.0 + 0.6 
(5) 
Solvent alone 3.4+ 0.3 p < 0.01 
(5) NS 
Untreated control tumors a7 £0.3 


(5) 





3.7 + 1.9, respectively. The growth rate was significantly 
lower in EGF-treated tumors than in control and solvent- 
injected tumors (p < 0.01 and p < 0.05; Table 1). 


Effects of EGF on the Growth of Es-4 Carcinoma of the 
Esophagus 


As shown in Figure 2, the suppressive effect of human 
EGF on the tumor growth of Es-4 can be recognized by 
comparing the growth curves of EGF-treated tumors, sol- 
vent-injected tumors, and untreated control tumors. As 
shown in Table 2, the growth rate of tumors after EGF 
treatment was 1.0 + 0.6, and that of untreated control 
tumors and solvent-injected tumors were 3.7 + 0.3, and 
3.4 + 0.3, respectively. The difference between the growth 
rates of EGF-treated tumors and control tumors, and the 
difference between the growth rates of EGF-treated tumors 
and solvent-injected tumors were significant (p < 0.01). 
The difference between the growth rate of control and 
solvent-injected tumors was not significant. The dose-ef- 
fect of h-EGF on Es-4 tumor growth was studied using 
various concentrations of h-EGF in the same method 
previously described. As shown in Figure 3, treatment 
with 2 ng of EGF or saline did not result in growth in- 
hibition. However, treatments with 20 or 200 ng of EGF 
resulted in growth inhibition, according to the concen- 
tration. These results demonstrate an in vivo anti-tumor 
effect of human EGF on carcinoma of the esophagus. 


EGF-R Status and Growth Inhibition 


EGF-R binding assay using '*°I-labeled EGF was pos- 
itive in all tumors. The EGF-R binding capacity of the 
untreated control MX-1 tumor was 17 fmol per milligram 
of membrane protein, and that of EGF-treated tumors 
was increased at 32 and 74 fmol per milligram of mem- 
brane protein. The same phenomenon was investigated 
in ES-4 tumors. EGF-R binding capacity of untreated 
control UM-1 tumors showed high binding capacities, al- 
though that of EGF-treated tumors was lower than the 
control tumors. As shown in Table 3, the inhibition rates 
were high in tumors with high EGF-R levels, and low in 
tumors with low EGF-R levels. This suggests that the 
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Fic. 3. Dose effects of h-EGF on tumor growth. @ @ saline only; 
(n= 3)0 O 20 ng of EGF (n = 3); O—— 02 ng of EGF; (n = 3) 
m- m 200 ng of EGF (n = 3), 





growth inhibitory effect of EGF is controlled by EGF-R, 
and that EGF-R binding capacity may be a predictive test 
for efficacy of EGF treatment for breast or esophageal 
cancer. 


Toxicity 


The only adverse effect was diarrhea. The frequency of 
diarrhea in nude mice treated by 2 ug of EGF was 12% 
(2 of 17 mice). No diarrhea was seen in nude mice treated 
with lower doses of EGF. There were no deaths caused 
by diarrhea. 


Discussion 
The Effect of EGF on the Growth of Human Breast Cancer 


Human EGF is a single-chain, 53 amino-acid residue 
with a C-terminal arginine and a molecular weight of 5300 
to 5500. The recombinant human EGF used in this ex- 
periment has the same effectiveness as EGF. Human 
EGF competes with mouse EGF for the same cell mem- 
brane receptor site and antibodies to human EGF cross- 
react to some extent with mouse EGF. Through inter- 
action with the cell-surface receptor, EGF induces a variety 
of biochemical events that can culminate in stimulation 
of DNA replication and cell proliferation in many normal 
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and malignant cells, including C3H mouse mammary 
carcinoma and human breast cancer cells.'27!7!® In 
BLAB/c3T3 fibroblasts, 10 ug/mL of EGF induces c-fos 
and c-myc m RNA.!? 

In contrast EGF inhibits DNA synthesis and cell pro- 
liferation of certain human carcinoma cells such as MDA- 
468 human breast cancer cell.? This cell has high EGF 
receptor levels. Fifty ng/mL of EGF cause an induction 
of EGF receptor mRNA and inhibition of cell prolifera- 
tion.” 

In addition, 10 ng of EGF inhibit °H Thymidine in- 
corporation and cell proliferation of MCF-7, BT-20, BT- 
474, and HBL-100 breast cancer cells. 

However there is little in vivo data regarding the effect 
of EGF on tumor growth of human breast cancer.°~’ This 
report is the first in vivo study of EGF effects on tumor 
growth of MX-1 and UM-1 human breast cancers. In our 
experiment a high concentration of human EGF (10 ug/ 
mL), 10,000 times the concentration of mouse EGF in 
mouse serum,° was locally injected. MX-1 and UM-1 tu- 
mor growth were inhibited by EGF injection. Growth- 
inhibitory effects by various concentrations of EGF should 
be investigated because in vitro data and results in esoph- 
ageal cancer suggests that more than 10 ng of EGF may 
inhibit tumor growth. The sensitivity to EGF differed be- 
tween these tumors, and it 1s important to determine the 
sensitivity before EGF injection in clinical use. These two 
tumors each demonstrated EGF-R. EGF-R binding ca- 
pacity was influenced by locally injected EGF, as shown 
in an im vitro experiment. Our data and data from in vitro 
experiments suggest that the response to EGF may be 
associated with high levels of EGF-binding capacity. The 
relationship between EGF-R status and hormone-depen- 
dence in breast cancer has not been adequately studied. 
ER-negative breast cancer may respond well to EGF 
treatment because there is tendency toward an inverse 
relationship between ER status and EGF-R status. How- 
ever in MCF-7 human breast cancer, the EGF-R gene was 
induced by estradiol. Therefore hormone-dependent 


TABLE 3. Relationship Among EGF-R Status, Response of EGF-R 
to EGF, and Inhibition of Tumor Growth 


EGF-R Binding EGF-R Binding 
Capacity of Capacity of 
Control Tumors After 
Tumors (f mole EGF Treatment Average of 
per mg of (f mole per mg Tumor 
Membrane Membrane Inhibition 
Tumors Protein) Protein) Rate 
Mx-1 17 32, 74 0.7 
ES-4 29 32, 53, 54 0.3 


UM-1 73, 99 46 0.2 


Average of tumor inhibition rate = average tumor growth rate of EGF 
treated tumors/average tumor growth rate of solvent injected tumors. 
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breast cancer may also respond to EGF treatment. MX- 
1 and UM-1 is a hormone-insensitive breast cancer. The 
administration route is important for the efficacy of EGF 
therapy. Some groups found growth inhibitory effects with 
systemic therapy, but the most effective route of admin- 
istration should be confirmed. Our results suggest that 
EGF inhibits tumor growth of some kinds of human breast 
cancer in vivo, and that EGF may be an effective agent 
in the therapy for breast cancer. 


The Effect of EGF on Growth of Esophageal Cancer 


There 1s a positive correlation between sensitivity to 
the inhibitory effect of EGF and the amount of EGF re- 
ceptor. The amount of EGF receptor in esophageal cancers 
is about 10°/cell.!’ The high incidence of EGF receptor 
gene amplification in human squamous esophageal car- 
cinoma cell lines is also reported.*' In our experiment, 
ES-4 had more EGF-R. Tumors treated with EGF showed 
increased levels of EGF-R binding capacity. Evaluation 
of EGF-R status is important to EGF therapy under this 
mechanism. In our experiment using ES-4 human esoph- 
ageal cancer, we found that there 1s a dose effect of EGF 
tumor growth inhibition. EGF treatment with 2 ng or 20 
ng of EGF did not show growth inhibition, although 
treatment with 200 ng or 2 ug of EGF showed growth 
inhibition. In addition, interesting data show a growth 
inhibitory effect of EGF on cultured esophageal cancer 
cells with 100 ng/mL of EGF. Therefore these results in- 
dicate the need for more than 1 ug/mL of EGF to inhibit 
tumor growth, and that this concentration may be clini- 
cally useful in the inhibition of tumor growth and pre- 
vention of toxicity. 
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Supplemental Vitamin A Prevents the Tumor- 
induced Defect in Wound Healing 





JEFFREY WEINZWEIG, M.D.,* STANLEY M. LEVENSON, M.D.,* GIUSEPPE RETTURA, PH.D.,*} 
NORMAN WEINZWEIG, M.D.,§ JOSEF MENDECKI, PH.D., TSUENG H. CHANG, P.D.,* 
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To test our hypothesis that supplemental vitamin A would mit- 
igate the impaired healing that occurs in tumor-bearing animals, 
six groups of C3H mice, eight per group, eating a standard com- 
mercial mouse chow ad libitum that supports normal growth, 
reproduction, and longevity were innoculated with 200,000 
C3HBA cells. When tumors measured approximately 6 mm in 
diameter, the mice were anesthesized and wounded (dorsal skin 
incisions and subcutaneous polyvinyl alcohol sponges). Twenty- 
four hours later, two groups (one continued on the chow and the 
other started on the chow supplemented with 150,000 IU vitamin 
A/kg chow) underwent local tumor irradiation; two groups, one 
ingesting the chow, the other the vitamin A supplemented chow, 
were started on cyclophophimide therapy; two groups, one in- 
gesting the chow, the other the vitamin A supplemented chow, 
received neither local tumor irradiation nor cyclophosphamide 
therapy. An additional two groups ingesting the chow, one group 
neither innoculated with tumor nor wounded, the other wounded 
by not innoculated, served as controls. Wound breaking strength 
and sponge reparative collagen accumulation (assessed by hy- 
droxyproline proline measurement) were used as indicators of 
wound healing. The mice were killed 12 days after wounding. 
Tumor presence decreased wound breaking strength and sponge 
hydroxyproline content; these effects were largely negated by 
supplemental vitamin A. Local tumor irradiation diminished the 
adverse effect of tumor on sponge reparative collagen content 
but to a lesser extent than the supplemental vitamin A. Supple- 
mental vitamin A added to the irradiation effect on healing but 
irradiation did not add to the vitamin A effect. Cyclophosphamide, 
a systemic radiomimetic anti-tumor agent, did not alter the im- 
paired wound healing of the tumor-bearing mice. Supplemental 
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vitamin A mitigated the impaired wound healing in the cyclo- 
phosphamide-treated tumor-bearing mice. Supplemental vitamin 
A also moderated the effects of wounding, tumor, and tumor 
therapies (local irradiation and cyclophosphamid) on the increase 
in adrenal size, leukopenia, thrombocytopenia, and thymic in- 
volution (except the last was not moderated in the cyclophos- 
phamide-treated tumor-bearing rats). The splenic enlargement 
in the untreated tumor-bearing wounded rats and in those treated 
with cyclophosphamide was lessened by supplemental vitamin 
A. We hypothesize that these anti-stress effects of vitamin A 
underlie, in part, its action in mitigating the impaired wound 
healing of tumor-bearing mice, including those treated by local 
irradiation or cyclophosphamide. These findings have implica- 
tions for the care of patients with malignant tumors. 


UMOR DIAGNOSIS AND therapy frequently in- 

volve the creation of incisional wounds (e.g., 

during biopsies or resections). The healing of 
dermal wounds in rats is impaired by the presence of tu- 
mors, even when distant from the wound site.' In addition, 
cancer patients are commonly treated with chemothera- 
peutic agents (e.g., cyclophosphamide, doxorubicin) and/ 
or irradiation to the site of tumor resection. These tumor 
therapeutic measures inhibit the healing of the incisional 
wounds in rodents*“* and cause systemic toxicity char- 
acterized by thymic involution, adrenal hypertrophy, leu- 
kopenia, thrombocytopenia, gastrointestinal ulceration, 
and immune depression.” All of these effects reduce the 
efficacy of the treatment. If these adjunctive therapies are 
instituted very shortly after tumor excisional surgery 
without compromising wound healing or host defense 
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mechanisms, they will be even more valuable adjuncts in 
the care of patients with cancer than they are presently. 

Previous studies in our laboratory investigating the role 
of supplemental dietary vitamin A as an adjunctive treat- 
_ ment in tumor-bearing animals receiving cyclophospha- 
mide (CY) or radiation (local X or whole body) showed 
that the supplemental vitamin A significantly reduced the 
systemic toxicity resulting from these agents without 
compromising, and in fact, adding to their anti-tumor 
actions.°’ Additional studies with wounded non-tumor- 
bearing rodents receiving either CY or whole-body radia- 
tion have shown that vitamin A prevents both the CY- 
and radiation-induced wound-healing defects.4% 

In the present study the role of dietary supplemental 
vitamin A in preventing the tumor-induced wound-heal- 
ing defect in otherwise untreated tumor-bearing mice and 
in tumor-bearing mice that received CY treatment or local 
irradiation to the site of the tumor was examined. 


Materials and Methods 
Animals and Housing 


When received in our animal institute, 5-week-old fe- 
male C3H/HeN mice (The Jackson Laboratory, Bar Har- 
bor, ME) were distributed randomly, 6 per cage, in plastic 
shoe box-type cages with wire mesh lids. They were kept 
in a windowless room at 25 C + 1 C, 50% to 60% relative 
humidity with a 12-hour light/ 12-hour dark cycle. Purina 
Laboratory Chow 5001 (Ralston Purina Co., St. Louis, 
MO) and tap water were available ad libitum during the 
period of acclimatization. 


Diets 


Purina Ground Laboratory Chow 5001 was used for 
the basal control chow. It contains approximately 15,000 
IU vitamin A and 6.4 mg B carotene/kg diet (total 
= 18,000 IU vitamin A/kg diet), considerably more than 
the National Research Council’s recommended daily al- 
lowance of vitamin A for normal mice and permits normal 
growth, pregnancy, lactation, and longevity. The basal 
control diet is therefore not deficient in vitamin A. 

The experimental diet was prepared by the addition to 


the basal control chow of an alcoholic (ethanol) solution. 


of vitamin A palmitate (150,000 IU/kg chow). The mix- 
ture was stirred for 1.5 hours in the dark. During this 
period most of the ethanol evaporated. Control chow was 
treated with equal volumes of ethanol. The diets were 
stored in the dark at 4 C. The food in the diet cups was 
changed every other day. 


Tumors and Inoculation 


C3HBA breast adenocarcinoma was obtained from The 
Jackson Laboratory as a transplant in young female C3H/ 
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HeJ mice and maintained by passage in C3H mice. In- 
oculua were prepared from solid tumors 1.4 cm in di- 
ameter, as previously described.’ Mice receiving tumor 
cells were inoculated subcutaneously with 2 X 10° cells 
in the mid-abdominal region. 


Tumor Measurements 


Inoculum sites were palpated gently daily to determine 
the date of gross tumor appearance. After a tumor ap- 
peared, its size was estimated daily with the use of a caliper 
with millimeter divisions. Tumor size was recorded as the 
average of the major and minor diameters of the generally 
ovoid tumor. 


Wounding 


When tumors measured 6.0 to 6.5 mm in diameter (7 
to 10 days after inoculation) the mice were wounded; two 
mice of each group were operated on each of 4 successive 
days. 

Operations (4 cm paravertebral dorsal skin incision with 
subcutaneous implantation of saline-moistened polyvinyl 
alcohol sponges) were performed aseptically on mice 
anesthetized lightly with intraperitoneal sodium pento- 
barbital (1 mg/20 g body weight) supplemented as nec- 
essary with light ether anesthesia. The dry weight of the 
sponges averaged 8 to 10 mg each. The incisions were 
closed with seven equidistant No. 36 stainless steel sutures. 
No dressings were applied. 


Cyclophosphamide Chemotherapy 


Cyclophosphamide (Mead Johnson Laboratories, 
Evansville, IN) was administered intraperitoneally at a 
dosage of 24 mg CY/kg body weight in 1 ml normal saline 
1, 3, and 5 days after wounding to some mice. 


Tumor X-Irradiation 


Some mice were anesthetized lightly with sodium pen- 
tobarbital (1 mg/20 g body weight, i.p.) and were then 
irradiated with a Picker-Vanguard 280-kv peak x-ray 
therapy unit (half value layer = 0.5 mm copper) on the 
first postoperative day. The unit was calibrated to deliver 
450 cGY per minute and was timed to deliver a single 
dose of 750 cGY to the mid-abdominal region bearing 
the tumor; the rest of the body was shielded by a 2 mm 
thick lead shield. The radiation was delivered through a 
port field 1 cm in diameter. 


_ Blood Leukocyte and Platelet Counts 


Blood samples were obtained by heart puncture under 
anesthesia from two of the eight mice in each group just 
before animals were killed 12 days after wounding. For 
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total leukocyte counts, erythrocytes were lysed with 0.1 
N HC1 and the remaining leukocytes were counted in a 
Neubauer hemocytometer. Platelets were counted from 
blood samples obiainee during heart PAGINIS using the 
method of Tocantins. ° 


Wound Breaking Strength Measurements, Assessment of 
Reparative Collagen Accumulation in Sponges 


Twelve days after wounding, mice were injected intra- 
peritoneally with the described dose of sodium pentobar- 
bital. The length of the skin incision was measured in situ 
and the scar was excised with generous margins of sur- 
rounding skin. The breaking strength was measured in 
the fresh state as described previously.'' The subcutaneous 
polyvinylalcohol sponges were removed and their hy- 
droxyproline content (OH-P) was measured by the 
method of Woessner’? as an index of the collagen content 
of the sponge reparative tissue. 


Adrenals, Thymus, and Spleen 


At the time of wound strength measurement, the ad- 
renal glands, thymus, and spleen were dissected from each 
animal and weighed. 


Statistical Treatment 


All data, other than the blood leukocyte and platelet 
counts, were analyzed by ANOVA and then by the Tukey 
Method. !? 


Experimental Design 


Eight groups of eight female C3H/HeN mice were es- 
tablished. One group served as the control and was neither 
wounded nor inoculated with tumor cells, nor treated with 
radiation, CY, or vitamin A. Six of the remaining seven 
groups were inoculated subcutaneously in the mid-ab- 
dominal region with 2 X 10° C3HBA tumor cells. When 
tumors averaged 6.0 to 6.5 mm in diameter, mice were 
wounded as described. Those animals that were wounded 
but not inoculated with tumor cells and did not receive 
any additional treatment served as wounded controls. 
Twenty-four hours after wounding, two of the six C3HBA- 
inoculated groups were irradiated, another two received 
CY (both as described previously), and the remaining two 
received no additional therapy (/.e., neither irradiation 
nor CY). One group of each pair described continued on 
the basal control chow while the other group of each pair 
received the vitamin A supplemented chow at this time 
and for the duration of the experimental period. All mice 
ate and drank tap water ad libitum. 

Twelve days after wounding, wound breaking strengths 
(WBS) and hydroxyproline content (OH-P) of implanted 
sponge reparative tissue were determined, total leukocytes 
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and platelets counted (in two of eight mice in each group), 
and selected organs (adrenals, thymus, and spleen) were 
weighed. 


Results 


Wound Breaking Strength and Hydroxyproline Measure- 
ment (Table 1) 


Wound breaking strengths of skin incisions and accu- 
mulation of reparative collagen in the subcutaneously 
implanted polyvinyl alcohol sponges were less in the tu- 
mor-bearing wounded animals (group 3) compared to the 
non~—tumor-bearing wounded animals (group 2) measured 


12 days after wounding (p < 0.001 in each case). Supple- 


mental dietary vitamin A (group 4) prevented the de- 
creases (p < 0.001 in each case). WBS and OH-P mea- 
surements were similar in the vitamin A-supplemented, 
wounded, tumor-bearing animals (group 4) and wounded 
animals that had not been inoculated with tumor cells 


TABLE |. Wound Breaking Strength and 
Hydroxyproline Measurements 


OH-P 
(ug/100 
mg dry 
Group Treatment WBS (g) sponge) 
l Control — — 
2 Wounded 328 + 22* 541 + 32* 
3 WD + C3HBA (BA) 196 + 19 203 + 19 
4 WD + BA + VA 319 + 29 547 + 18 
5 WD + BA + 750 cGy 260 + 20 277 + 14 
6 WD + BA + 750 cGy + VA 381423 519+ 20 
7 WD + BA + CY 201 + 20 181 +12 
8 WD + BA + CY + VA 308 + 18 503 + 24 
Groups 2 vs. 3 <0.001 <0.001 
2 vs. 4 NS NS 
2 vs. 5 NS <0.001 
2 vs. 6 NS NS 
2 vs. 7 <0.001 <0.001 
2 vs, 8 NS NS 
3 vs. 4 <0.001 <0.001 
3 vs, § NS <0.005 
3 vs. 6 <0.001 <0.001 
3 vs. 7 NS NS 
3 vs. 8 <0.01 <0.001 
4 vs. 5 NS <0.001 
4 vs. 6 NS NS 
4 vs. 7 <0.01 <0.001 
4 vs. 8 NS NS 
5 vs. 6 <0.005 <0.001 
5 vs. 7 NS <0.001 
Svs. 8 NS <0.001 
6 vs. 7 <0.001 <0.001 
6 vs. 8 NS NS 
7 vs. 8 <0.01 <0.001 
NS, not significant. 
WD, wounded. 
BA, C3HBA. 
VA, vitamin A. 
CY, cyclophosphamide. 
* Mean + SEM. 
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nor given vitamin A (i.e, wounded control animals 
(group 2). 

Sponge OH-P but not WBS was significantly higher in 
tumor-bearing animals ingesting the basal control chow 
that had received 750 cGY local irradiation to the tumor 
site (group 5) compared with unirradiated, tumor-bearing 
animals (group 3) (p < 0.005), but the latter was still sig- 
nificantly less than in the wounded control animals (group 
2) (p < 0.001). No increases in WBS or sponge OH-P 
were seen in the CY-treated tumor-bearing group ingesting 
the basal control chow (group 7) compared with the 
wounded tumor-bearing mice (group 3). 

Vitamin A supplementation increased WBS and sponge 
OH-P in the tumor-irradiated (group 6) and CY-treated 
(group 8) groups to levels that were similar to those of the 
wounded non—tumor-bearing control animals (group 2). 
‘ There were no significant differences in WBS or sponge 
OH-P content between vitamin A-supplemented, irradi- 
ated (group 6), and vitamin A-supplemented CY-treated 
animals (group 8). 


Adrenal Gland Size (Table 2) 


_ Adrenal gland weights in wounded control animals 

compared with unwounded controls were similar. Statis- 
tically significant increase in adrenal weight was observed 
in the tumor-bearing wounded animals ingesting the basal 
chow (group 3) compared with the wounded controls 
(group 2) (p <-0.001). This effect was prevented by vitamin 
A supplementation (group 4) (p < 0.001). 

Adrenal gland weights were increased to a similar extent 
in the irradiated (group 5) and unirradiated (group 3) tu- 
mor-bearing animals ingesting the basal chow. An addi- 
tional statistically significant increase in adrenal weight 
was seen in CY-treated tumor-bearing mice (group 7) 
compared with untreated (group 3) or irradiated (group 


5) tumor-bearing animals, p < 0.001, in each case. Adrenal . 


gland weight in irradiated or CY-treated animals given 
supplemental vitamin A was lowered to values similar to 
those of unwounded (group 1) and wounded (group 2) 
controls. 


Thymus Gland Size (Table 2) 


- Thymus gland weight was less in wounded control mice 

(group 2) than in unwounded controls (group 1) 12 days 
after wounding (p < 0.005 to 0.001). This decrease was 
not altered in the tumor-bearing wounded mice ingesting 
the basal chow (group 3). Supplemental! vitamin A (group 
4) prevented the thymic involution of the latter group (p 
< 0.01-0.005). 

Local irradiation of the tumor in wounded rats led to 
‘an additional modest, decrease in thymic weight, but this 
was not statistically significant. Vitamin A supplemen- 
tation did not lead to an increase in thymic weight in such 
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TABLE 2. Adrenal, Thymic, and Splenic Weights 
in Tumor-Bearing Wounded Mice 


Adrenals Thymus Spleen 
Group Treatment (mg) (mg) (mg) 
1 Control 48+0.3* 40.6 +14* 1702+ 6° 
2 Wounded 46402 31.02+1.2 163 + 10 
3 WD + C3HBA 6420.1 31.9241.2 375 % 12 
4 WD + BA + VA 4.8+0.2 39.54 1.1 285+ 9 
5 WD + BA + 750 cGy 6.5+0.3 26024311 396 + 24 
6 WD+BA+750cGy+ VA 4.7402 2812408 322 + 13 
7 WD + BA + CY 8.1 +02 19.02+0.7 397 + 24 
8 WD + BA + CY + VA 49402 30.81 300 + 18 
Groups I vs. 2 NS 0.005~-0.001 NS 
i vs. 3 <0.001 0.01-0.005 ` <0.00! 
I vs. 4 NS NS 0.01-0.005 
l ys. 5 <0.001 <0.001 <0.001 
I vs. 6 NS <0,001 <0.001 
lL vs. 7 <0.001 <0.001 <0,001 
lL vs. 8 NS 0.005~0.001 0.005~-0.00! 
2 vs. 3 <0.001 NS <0,001 
2 vs. 4 NS 0.005-0.001 <0.001 
2 vs. 5 <0.001 NS <0.001 
2 vs. 6 NS NS <0.001 
2 vs. 7 <0.001 <0,00 | <0.001 
2 vs. 8 NS <0.001 <0,001 
3 vs. 4 <0.001 0.01-0.005 <0.0] 
3 vs. § NS NS NS 
3 vs. 6 <0,001 NS NS 
3 vs. 7 <0,001 <0,001 NS 
3 vs. 8 <0.001 NS 0.05--0,028 
4 vs. 5 <0.001 <(),001 <0.005 
4 vs. 6 NS <0,001 NS 
4 vs. 7 <0.001 <0.001 <0,001 
4 vs. 8 NS 0.005-0.001 NS 
5 vs. 6 <0.001 NS NS 
5 vs. 7 <0.001 0.05--0.01 NS 
5 vs. 8 <0.001 NS <0.01 
6 vs. 7 <0Q.001 <0.001 <0.05 
6 vs. 8 NS NS NS 
7 vs. 8 <0.001 <0.001 <0.005 


NS, not significant. 
WD, wounded. 

BA, C3HBA. 

VA, vitamin A. 

CY, cyclophosphamide. 
* Mean + SEM. 


mice. In contrast, wounded tumor-bearing animals treated 
with CY (group 7) ingesting the basal chow had thymuses 
that were significantly smaller than wounded tumor- 
bearing animals that were untreated (group 3) or that re- 
ceived local irradiation (group 5), (p < 0.001 and p < 0.05 
to 0.01, respectively). Vitamin A supplementation (group 
8) moderated (p < 0.001) the thymic involution that re- 
sulted from CY treatment and returned thymus size 
to values comparable to those of wounded controls 


(group 2). 


Spleen Size (Table 2) 


Spleen weight was similar in unwounded and wounded 
non-tumor-bearing mice. Statistically significant increases 
in splenic weight were seen in the tumor-bearing, wounded 
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animals ingesting the basal chow (group 3) compared with 
the unwounded (group 1) and wounded controls (group 
2) (p < 0.001 in each case). This effect was moderated by 
vitamin A supplementation (group 4) (p < 0.01), but the 
spleens of these animals were still significantly enlarged 
compared with those of unwounded (group 1) and 
wounded controls (group 2) (p 0.01-0.005 and p < 0.001, 
respectively). 

Irradiation (group 5) and CY treatment (group 7) re- 


sulted in slight additional increases in spleen weight in. 


tumor-bearing animals, but these increases were not sta- 
tistically significant. Supplemental vitamin A moderated 
these decreases, but the effect was significant (p < 0.005) 
only in the case of the CY-treated tumor-bearing mice. 


White Blood Cell and Platelet Counts (Table 3) 


These data are on two of eight mice in each group. 
White blood cell and platelet counts in control (un- 
wounded, non-tumor-bearing, group 1) and wounded 
non—tumor-bearing control mice (group 2) were similar 
12 days after wounding. Tumor-bearing, wounded mice 
(group 3) were leukopenic and thrombocytopenic com- 
pared with wounded controls; both effects were mitigated 
by vitamin A supplementation (group 4). 

WBC counts were somewhat lower 1n the tumor-bear- 
ing mice that received local irradiation (group 5) or CY 
(group 7) compared with the untreated tumor-bearing 
mice (group 3). Platelet counts were decreased comparably 
in irradiated (group 5) and unirradiated (group 3) tumor- 
bearing mice, while the thrombocytopenia was accen- 
tuated in the CY-treated mice (group 7). Supplemental 


vitamin A (groups 6 and 8) mitigated the reduced WBC _ 


and platelet counts in both the irradiated and CY-treated 
tumor-bearing mice (groups 5 and 7). 


Discussion 
The Tumor-Induced Wound Healing Defect 


Healing of skin incisions and the formation of repar- 
ative tissue in subcutaneously implanted sponges involves 
a complex series of events including bleeding, coagulation, 
the deposition and activation of platelets, deposition of 
fibrin, and influx of inflammatory cells (at first polymor- 
phonuclear cells and then mononuclear cells) at the site 
of the injury in the early phases of wound repair. After 
several days, endothelial cell proliferation and new cap- 
illary formation, along with fibroplasia and collagen and 
proteoglycan production, begin with subsequent increase 
in wound strength. Epithelialization over the surface of 
the skin incision occurs rapidly and involves mainly cell 
migration and proliferation. Injury, disease, metabolic, 
physiologic, nutritional alterations, and some therapeutic 
agents can affect wound healing by interfering with one 
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TABLE 3. White Blood Cell and Platelet Counts (Heart Blood) 





WBC, Platelets, 

Group Treatment 10°/mm°* 10°/mm? 

l Control 13.4;12.3 528:;522 

2 Wounded 14.1;12.8 438;485 

3 WD + C3HBA 10.0;9. 1 2143287 

4 WD + BA + VA 16.9;15.7 3885324 

5 WD + BA + 750 cGy 9.6;8.0 300;264 

6 WD + BA + 750 cGy + VA 14.7;16.5 382;343 

7 WD + BA + Cy 8.1;7.5 95;147 

8 WD + BA + Cy + VA 14.8;13.4 2673307 

Values for 2 mice from each group. 

WD, wounded. 

BA, C3HBA. 

VA, vitamin A. 


CY, cyclophosphamide. 


or more of these steps and result in impaired wound 
strength. 

Devereux and associates! have shown that wound heal- 
ing in rats bearing tumors is severely impaired as assessed 
by measurements of the breaking strength of healing skin 
incisions and the hydroxyproline content of subcutaneous 
polyvinyl alcohol sponge reparative tissue. The tumor- 
induced healing defect was accompanied by body weight 
loss, hypoproteinemia, and cachexia, factors that them- 
selves may impair wound healing. This is supported by a 
clinical study by Irwin and colleagues'* in which an in- 
crease in incisional hernias was observed in patients with 
malignancies. 

Our experimental data presented in this report also 
show that dorsal skin incision breaking strength and ac- 
cumulation of reparative collagen in subcutaneous im- 


‘planted sponge granulomas were reduced significantly in 


mice bearing C3HBA tumors. The tumor-induced 
thrombocytopenia observed in the representative mice 
studied may have caused deficient blood clotting after 
wounding and may have resulted in diminished levels of 
platelet-derived growth factors (PDGF), polypeptides re- 
leased on platelet activation, which play a key role in 
wound repair. PDGF is chemotactic for leukocytes and 
fibroblasts in vitro, accelerates endothelial cell and fibro- 
blast proliferation in vitro, and accelerates wound healing 
in vivo.)>'8 


Trradiation-Induced Wound Healing Defect 


Local irradiation, whole-body irradiation, and cyclo- 
phosphamide administration all weaken wounds of non- 
tumor-bearing animals. As shown by Devereux and 
associates! and confirmed in the present work, the pres- 
ence of tumor decreases wound strength, although the 
wound is distant from the tumor site. Our data suggest 
that the depression of wound strength by tumor is greater 
than the decrease due to the level of local x-radiation or 
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cyclophosphamide therapy used in these experiments. In 
earlier experiments in our laboratory, C3HBA tumors 
were shown to be stressful and immunosuppressive to the 
host. Surgery (sham excision) was shown also to be stress- 
ful and immunosuppressive in non—tumor-bearing con- 
trols, as was surgery (local tumor excision) in tumor-bear- 
ing mice. However after 5 days the stressful and immu- 
nosuppressive effects of the operation had largely 
disappeared and these mice had recovered to a level ap- 
 proximating that of unoperated non-—tumor-bearing mice. 

Local and whole-body irradiation of healthy animals 
result in.decreased body weight gain, thymic involution, 
adrenal enlargement, lymphopenia, thrombocytopenia,”* 
and impaired wound healing.® Radiation injury is, to a 
large extent, the result of damage to cell constituents by 
products of water radiolysis (7.e., OH and e). The OH free 
radical formed and its dimer H-O; are responsible for 
some of the radiation-induced cell damage. Removal of 
the OH or H20, may be accomplished by the use of some 
radioprotective agents such as aminoalkylthiols, which 
become oxidized to disulfides while reducing the OH of 
H20, to H,O + '2 O2. The hydrated electron produced 
by radiolysis of water is sufficiently energized to cause 
radical formation in nucleic acids and thereby favor 
crosslinking of nucleic acids or cleavage of the link be- 
tween the base and the deoxy sugar. Undifferentiated, 
rapidly proliferating cells (e.¢., fibroblasts, bone marrow 
precursors, neoplastic cells) are especially sensitive to such 
damage. 

Vitamin A and the carotenoids are molecules that have 
evolved as the active sites of radiant and electromagnetic 
energy systems in both plants and animals. Some carot- 


enoids are also localized in structures that produce oxygen - 


. radicals and pro-oxidants in situ. These systems are ca- 
pable of energy acceptance and either transference or 
transduction of that energy. Theoretically vitamin A could 
protect cells against the radiolysis of water because vitamin 
A has a very high degree of conjugation of single and 
double bonds. The highly conjugated double-bond system 
of vitamin A makes it possible for these molecules to buffer 
or quench hydrated electrons until these are disposed of 
by chemical interactions with electrophilic agents or by 
metabolic use of hydrated electrons attached to oxygen 


(superoxide O7).°!?° 


Cyclophosphamide-Induced Wound Healing Defect 


Cyclophosphamide is a synthetic compound widely 
used in tumor chemotherapy, in organ transplantation as 
a immunosuppressive agent to prevent allograft organ re- 
jection, and in the management of some disease entities 
having both severe immune and inflammatory aspects. It 
is a radiomimetic alkylating agent (i.e., it produces some 
of the chemical changes and physiologic actions induced 
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by radiation) that require activation by oxidative liver 
enzymes to form the cytotoxic compound. In addition to 
the anti-tumor metabolite, acrolein, a toxic and tumor- 
promoting agent is formed. 

Cyclophosphamide inhibits the proliferation of undii- 
ferentiated cells, including mesenchymal cells, fibroblasts, 
bone marrow precursors, and neoplastic cells. As a result 
there is decreased wound neovascularization net, accu- 
mulation of reparative collagen and wound strength, pan- 
cytopenia, thrombocytopenia, and diminished inflam- 
matory reactions. In addition a host stress reaction occurs 
that causes an Increase in glucocortical hormone secretion 
resulting in thymic involution, increase in adrenal weight, 
and body weight loss.* 


Roles of Supplemental Dietary Vitamin A in the Healing 
of Wounds and the Prevention of the Tumor- and Tumor 
Therapy-Induced Healing Defects 


The basal control commercial chow used in our study 
is not deficient in vitamin A. In fact it contains consid- 
erably more vitamin A than the National Research Coun- 
cil recommendation for normal, actively growing mice. 
Thus the effects we have seen when the vitamin A-sup- 
plemented chow was given were not due to correction of 
a vitamin A-deficient diet. 

Our data regarding the ameliorating effects of supple- 
mental dietary vitamin A on wound breaking strength, 
reparative collagen deposition, thymus, adrenal, and 
spleen weights, and presumably on peripheral blood leu- 
kocyte and platelet counts in tumor-bearing wounded an- 
imals are in accord with previous findings in our labo- 


ratory of (1) the healing—accelerating actions of supple- | 


mental dietary vitamin A in wounded animals treated 
with whole-body irradiation? or cyclophosphamide;* (2) 
the influence of supplemental dietary vitamin A in pre- 
venting the thymic involution, adrenal weight increase, 
and splenic weight increase that occur in wounded rats, 
animals with femoral fracture, tumor-bearing mice, and 
rats subjected to whole-body irradiation?!*; and (3) the 
alleviation of the leukopenia and thrombocytopenia by 
supplemental dietary vitamin A in mice after local x-ir- 
radiation of a hind limb,* in unwounded mice exposed 
to whole-body irradiation,!? and in wounded rats treated 
with cyclophosphamide.’ 


Stress and Wound Healing: The Phenomenology of Sup- 
plemental Vitamin A 


A strong correlation seems to exist between wound re- 
sponses and the thymus gland. Agents that increase thymic 


.weight and enhance thymic function, such as supplemen- 


tal vitamin A??? and supplemental arginine,” have a 


stimulatory effect on wound breaking strength and re- 
parative collagen accumulation.” -7 The mechanisms by 


| 
} 
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which vitamin A and arginine protect the thymus gland 
from the involuting effect of stress is not known. Con- 
versely agents that depress thymic function, such as cy- 
totoxic drugs, glucocorticoids, and various other stressors, 
impair wound healing.*”©?’ On the other hand, wound 
healing is accelerated in thymectomized adult rats.” 

Accordingly in the present study thymus gland weight 
was measured. The prevention or mitigation of the tumor 
or CY-therapy-induced thymic involution by supple- 
mental vitamin A correlated directly with a prevention 
of the wound-healing defect. No such correlation was 
found in the irradiated tumor-bearing rats. In these ani- 
mals thymic weight was not increased significantly by the 
supplemental vitamin A, but both wound breaking 
strength and hydroyproline content of the sponges were 
increased significantly to the levels of wounded non-—tu- 
mor-bearing mice. 

The regulatory mechanisms for initiating, sustaining, 
and terminating wound repair are not understood com- 
pletely. The inflammatory phase is one of the earliest 
events in wound healing leading to subsequent angiogen- 
esis, fibroblast migration and proliferation, and proteo- 
glycan and collagen deposition and reorganization. The 
roles of the various inflammatory cell elements and their 
products in wound healing are under investigation. For 
almost 60 years ıt has been recognized that white blood 
cells play an important role in healing.” Neutrophils are 
not required for apparently normal healing of skin inci- 
sions,*”?! although wound complications such as infection 
occur more frequently in patients with neutropenia or 
derangements of neutrophil function.” Lymphocyte- and 
macrophage-secreted monokines stimulate fibroblast mi- 
gration, replication, and collagen synthesis.*° 

Among the ways supplemental vitamin A affects healing 
are (1) enhancing the early inflammatory reaction to 
wounding, including increasing the number of monocytes 
and macrophages at an injury site’; (2) possibly modu- 
lating collagenase activity** (the accumulation of repar- 
ative collagen in the healing wound is the result of a net 
balance between collagen synthesis and collagenolysis); 
(3) stimulating epithelial cell” and possibly mesenchymal 
cell (fibroblast) differentiation®®; and (4) stimulating im- 
mune responsiveness.” The possible interactions on a 
molecular level among vitamin A and platelets, platelet- 
derived growth factors, lymphocytes and lymphocyte-de- 
rived growth factors, macrophages and macrophage-de- 
rived growth factors, endothelial cells and endothelial cell- 
derived growth facts, fibroblasts and fibroblast-derived 
growth factors remain to be elucidated. 

The results we report take on an additional importance 
for clinical practice in light of recent studies of the treat- 
ment of stage I, node-negative breast tumor patients.73*! 
The data suggest that many such patients have undi- 
agnosed micrometastases at the time of initial treatment 
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and that a significant number of those patients undergoing 
their initial treatment would benefit by early initiation of 
adjuvant hormonal or cytotoxic chemotherapy. Supple- 
mental vitamin A may make early chemotherapy and 
radiotherapy more feasible by promoting wound healing 
and lessening the immunosuppression that would oth- 
erwise follow the chemotherapy or radiotherapy. Supple- 
mental vitamin A also may enhance the anti-tumor ac- 
tions of the recommended tumor therapies, effects that 
have been shown in tumor-bearing rodents. %4 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices.* "Enteral hyperalimentation" begins 
immediately postop, with reported decreased sepsis, wound problems and 
markedly shortened L.O.S.* 
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Decompression-- 
Feeding Catheters 


Mark IV is the most 
compact (#18 French), 
efficient, and occlusion 
resistant design since 
initially introduced in 
1963. Its integral spring 
guide-wire makes it the 
most easily passed. 


Distributed By: 


Moss Tubes, Inc. 
Box 296 

W. Sand Lake, N.Y. 
12196 

(518) 674-3109 


Made of #18 French 
biocompatable silicone 
for minimum trauma 
without sacrificing 
efficiency of performance. 


* Send for reprints 
documenting results 
from independent 
clinical centers. 
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~ (but compare with other feeding-decompression tubes anyway.) 


1. Decompression Site 


Gastric suction alone cannot work! The stomach's 
longitudinal folds mimic parallel segments of intestine. 
Aspiration orifices may empty a single “Magenstrasse” 
(figure A). Most swallowed air avoids suction, and is 
propelled through the pylorus via adjacent channels. A 
clinical study of other N-G and G-tubes measured 32-42% 
inefficiency. A toll booth in the center of a wide highway 
cannot collect from traffic in the outer lanes. 

Removal of air is most effective at constricted (single-file) 
sites. Measured efficiency increases 12-fold by adding 
aspiration within the adjacent esophagus and/or 
duodenum. And flowing duodenal digestive juices 
“self-cleanse” the tube of occluding mucus. 


2. Feeding site 


Gastric feeding risks distention and aspiration. 
Jejunal delivery bypasses 1-3 feet of proximal intestine, 
acting as a barrier to retrograde decompression. Aspira- 
tion of feedings is less likely, but remains a risk. Minimal 
initial infusion (starvation) is manditory initially. 

The Moss®G-Tube's duodenal delivery site is the 
most effective. With proximal duodenal aspiration (pat- 
ented), the initial distal feeding rate is unlimited. Clinical 
X-rays visualized removal of all excess feeding, with none 
reaching the stomach. (Fig. B) The full length of intestinal 
absorption is available immediately. Earliest "enteral 
hyperalimentation” is safely instituted within the recovery 
room. Positive nutritional balances are achieved, leading 
to enhanced sepsis resistance, accelerated wound healing 
and shorter L.O.S. 


3. Aspiration Orifices 


Uniformly sized orifices (all others) "suck in" mucosa 
to occlude the openings and stop decompression. 
Mucosal release then requires a null period (intermittant 
suction). Prograde air or retrograde feedings can be 
propelled accross and beyond the stomach, causing 
distention or aspiration. 

By pairing each large orifice with a patented, smaller 
“suction buster" opening (Moss®G-tube), continuous 
aspiration is maintained despite inadvertantly elevated 
suction. 


4. Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
standard” for optimum long term stability, tissue tolerance 
and biocompatibility. 





Effective 
Aspiration 
Sites 


Gastric Streams 
(Magenstrasse) 


A, The functioning stomach subdivides into discrete"Magenstrasse”’. 
Any tube can only evacuate the single gastric stream within which it lies. 





B. Study @ 5 minutes. Note effective removal of all excess barium 
flowing retrograde, none visualized to reach the stomach. 


<= [otally current data 
and opinion On 
surgical management of 
colorectal cancers 





$ 
£ 





T Abdominosacral Resection for Midrectal Cancer 
hree volumes in the respected Problems in General Kenneth Eng, MD, and S. Arthur Localio, MD 
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you can use today in your practice. Articles with real clinical Carlo E. Grossi, MD, and Thomas F. Nealon, Jr, MD 


relevance. Succinct presentations of major differences of 
opinion. Starkly different points of view on diagnosis and 
treatment—the questions you face when you make life- 
and-death decisions. The best thinking of leading practi- 
tioners to help you make the choices of modality of treat- 
ment most appropriate for each patient. 


Here are information and insights that 
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Primary Liver Cancer in Japan 


Clinicopathologic Features and Results of Surgical Treatment 





The Liver Cancer Study Group of Japan analyzed statistically 
12,887 cases of primary liver cancer diagnosed from January 1, 
1982 to December 31, 1985 in more than 500 institutes through- 
out the country. The study was based on the answers to 258 
questions. There were 4354 cases of hepatocellular carcinoma, 
256 cases of cholangiocellular carcinoma, 49 cases of mixed car- 
cinoma, 22 cases of hepatoblastoma, 10 cases of sarcoma, and 
74 other cases. The survey and analysis, based mainly on 4765 
histologically proved cases, included gross anatomic and histo- 
logic features of the tumors, pathology of the noncancerous por- 
tion, distant metastases, past medical history, frequency of pos- 
itive Hepatitis B surface antigen and Hepatitis B surface anti- 
body, age distribution, various diagnostic procedures, surgical 
procedures, and survival rate in relation to operative curability 
and tumor stage. 


Group of Japan reported every 3 years an analysis 
of primary liver cancer in Japan. In the fourth 
survey in 1980, a statistical analysis was done of 4031 
cases of primary liver cancer diagnosed in 155 institutions 
from January 1, 1968 to December 31, 1977.4 
In 1978 a new questionnaire designed for computerized 
analysis was introduced, and since then surveys have been 
performed every 2 years.>° The current survey comprises 
the cases of primary liver cancer diagnosed and treated 
from January 1, 1982 to December 31, 1985. In addition 
the survival curves of patients treated with hepatic resec- 


F ROM 1965 TO 1977,'° the Liver Cancer Study 


This study was carried out as a group project. Data were analyzed by 
the following members: Takayoshi Tobe, M.D., F.A.C.S. (Subcommittee 
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M.D., Ryuji Mizumoto, M.D., F.A.C.S., Wataru Mori, M.D., Toshiro 
Nakajima, M.D., Kunio Okuda, M.D., Hiroshi Sasaki, M.D., Toshio 
Shikata, M.D., Katsuhiko Sugawara, M.D., F.A.C.S., Toshiharu Tsuzuki, 
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tion from 1978 to 1985 were correlated with factors in- 
dicating the tumor stage. 


Subjects and Methods 


The participants in this survey were patients with pri- 
mary liver cancer diagnosed and treated from January 1, 
1982 to December 31, 1985. A questionnaire that covered 
258 items including age, history, gross anatomic and his- 
tologic features of the tumors, noncancerous portions of 
the liver, grade of anaplasia, growth pattern, distant me- 
tastasis, diagnostic procedures, surgical treatment, and so 
on was sent to 507 hospitals and institutions throughout 
the country. The data were coded, fed into a computer, 
and analyzed in this article. 

The calculation of the survival rates of the hepatocel- 
lular carcinoma patients receiving hepatic resections is 
based on a follow-up from January 1, 1978 to December 
31, 1985, when a prototype of the present questionnaire, 
designed for computerized analysis, was introduced. Sur- 
vival rates were also correlated with the factors indicating 
the histologic features and the developmental stages of 
the tumor. The calculation used the traditional life time 
table method of Cutler-Ederer.’ The date of admission, 
and not the date of diagnosis or initial treatment, is the 
starting point in the calculation of the survival time. The 
statistical significance of the difference in the survival pat- 
tern between the earlier and the later surveyed groups was 
analyzed by the log-rank test. 

Of the 12,887 cases of primary liver cancer on file, 4765 
were diagnosed histologically: 2357 at autopsy and 2408 
at operation or biopsy. The remaining 8122 cases were 
diagnosed as primary liver cancer by clinical findings, 
laboratory findings, computed tomography, hepatic an- 
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TABLE |. Histologic Diagnosis and Number of Cases 


ee eee ee ERAAN AAAA A aa PNET Y Ap A AAA  A Hae A sens ie visti 


Male 
(n = 3832) 

Hepatocellular carcinoma 3568 
Cholangiocellular carcinoma 156 
Mixed carcinoma 35 
Hepatoblastoma 13 
Sarcoma 6 
Others 54 
Unknown 
Total 


giography, ultrasonography, or laparoscopy. The survey 
presented here is based on the 4765 histologically proved 
cases. 


Results 


Number, Sex, and Age of Patients 


Table 1 shows the number of patients classified by his- 
tology: 4354 had hepatocellular carcinoma with a male/ 
female ratio of 4.7 to 1; 256 had cholangiocarcinoma with 
a male/female ratio of 1.6 to 1; 49 had mixed carcinoma, 
22 had hepatoblastoma, 10 had sarcoma, and 74 had other 
malignancies, which were recorded as malignant liver tu- 
mor histologically but not classified as hepatocellular car- 


Female Unknown 
(n = 909) (n = 24) Total 
4p 2 rank 
14 = 0% 
9 _ 22 (0.5%) (4765 
4 as 10 (0.2%) 
20 oe . 74 (1.6%) 
8122 
12,887 


cinoma, cholangiocellular carcinoma, mixed carcinoma, 
hepatoblastoma, or sarcoma. Hilar cholangiocarcinoma 
was regarded as primary liver cancer when the tumor was 
noted macroscopically to originate in an intrahepatic bile 
duct. Because not all questionnaire items were answered, 
the numbers in some of the items reported here do not 
equal the total number of cases. 

The age of the patients with each histologic type of 
tumor is listed in Table 2. The peak incidence of hepa- 
tocellular carcinoma was in patients who were in their 
50s, while that of cholangiocellular carcinoma was in pa- 
tients who were in their 60s. The mean ages were 58 years 
in men, and 61.5 years in women with hepatocellular car- 
cinoma, and 59.7 years in men and 62.2 years in women 
with cholangiocellular carcinoma. 


TABLE 2. Age Distribution 


HC CC MX HB SA 
Male Female Total Male Female Total Male Female Total Male Female Total Male Female Total 

Age (n = 3305) (n = 713) (n = 4018) (n = 138) (n= 82) (n = 220) (n = 33) (n= 14) (n = 47) (n= 10) (n=8) (n=18} (n=4) (mn=4}) (n= 8) 

O~4 4 l 5 0 0 0 Q 0 0 8 8 16 0 0 0 

5~9 4 0 4 0 0 0 6 0 0 o 0 0 0 0 0 
10~ 14 4 3 7 0 0 0 l 0 l 0 0 0 2 ! 3 
15~19 5 0 5 0 0 0 0 0 0 0 0 0 0 0 0 
2024 5 I 6 1 0 l 0 0 0 0 0 0 0 Q 0 
2529 12 ] 13 1 0 1 0 0 0 0 0 0 0 0 0 
30~ 34 27 9 36 l 0 l 2 0 2 0 0 0 0 l l 
35~ 39 71 13 84 2 2 4 l 0 l 0 0 0 0 0 0 
40~44 140 16 156 10 | 11 0 0 0 0 0 0 0 0 0 
45~49 302 43 345 14 7 2i 2 2 4 0 0 0 0 i I 
50~54 713 79 792 14 7 21 4 3 7 0 0 0 0 I i 
55-59 677 118 795 21 18 39 6 I 7 0 0 0 Q 0 0 
60-~64 504 139 643 22 Il 33 9 3 12 1 0 1 0 0 0 
65~69 421 139 560 24 17 4] 3 2 5 l 0 I | 0 1 
TO~74 287 112 399 2] 13 34 5 I 6 0 0 0 0 0 0 
75~79 98 24 122 6 5 11 0 2 2 0 0 0 1 0) l 
80~84 31 15 46 | l 2 0 0 0 0 0 0 0 0 0 
85~89 0 0 0 0 0 0 0 0 0 6 6 0 0 0 0 
9ODLL” Q 0 0 0 0 0 0 0 0 0 6 0 0 0 0 
Mean 58.0 61.5 59.5 62.4 $7.4 61.6 





HC, hepatocellular carcinoma. 
CC, cholangiocellular carcinoma. 
MX, mixed carcinoma. 


HB, hepatoblastoma. 
SA, sarcoma. 
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TABLE 3A. Histologic Classifications of Hepatocellular Carcinoma 


Trabecular Pseudoglandular Solid Sclerosing 
Operation 1.276 121 183 30 
(a = 1610) (79.3%) (7.5%) (11.4%) (1.9%) 
Autopsy 1.065 97 187 33 
(n = 1382) (77.1%) (7.0%) (13.5%) (2.4%) 


TABLE 3B. Histologic Classifications of Cholangiocellular Carcinoma 


Micro- Macro- Cysto- Adeno- 
tubular tubular papillary acanthoma 
Operation 49 21 23. 4 
(n = 97) (50.5%) (21.6%) (23.7%) (4.1%) 
Autopsy 4] 23 BE. 6 
(n = 77) (53.2%) (29.9%) (9.1%) (7.8%) 


Histopathology of the Tumors and the Noncancerous Por- 
tion 


Table 3 demonstrates the histologic classification of he- 
patocellular carcinoma and cholangiocellular carcinoma. 
In both the autopsied and the operated patients with he- 
patocellular carcinoma, a trabecular pattern was most 
frequent, while in cholangiocellular carcinoma, a micro- 
tubular arrangement was the predominant pattern. The 
grade of anaplasia, according to the criteria of Edmondson 
and Steiner,® is described in Table 4. In the autopsied 
cases, grade II was predominant in 43%, grade III in 24%, 
and a combination of grades II and HI in 19%. Table 5 
shows the incidence of tumor emboli in the portal vein 
and the hepatic vein in autopsied cases; venous involve- 
ment, particularly portal invasion, was very common in 
hepatocellular carcinoma. Macroscopic fibrous capsule 
formation was noted in 80.1% and capsular invasion was 
noted in 38.2% of surgically treated patients with hepa- 
tocellular carcinoma (Table 6). 

The noncancerous portion of the liver showed cirrhosis 
in 82.1% of the autopsied patients and in 73.7% of the 
operated patients, almost all of whom were classified as 
Miyake’s B (posthepatitic) cirrhosis (Table 7). 


Distant Metastasis 


Table 8 shows the frequency of distant metastasis in 
the autopsied patients with primary liver cancer. The most 


TABLE 4. Edmondson—Steiner Classification 
of Hepatocellular Carcinoma 


I I-l II 1- MI M-IV IV 


Operation 101 135 884 27) 339 26 13 
{n = 1.769) (5.7%) (7.6%) (50.0%) (15.3%) (19.2%) (1.5%) (0.7%) 


Autopsy 36 79 631 284 350 48 47 
(n = 1,475) (2.4%) (5.4%) (42.8%) (19.3%) (23.7%) (3.3%) (3.2%) 
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TABLE 5. Tumor Emboli (Autopsy Cases) 
Portal Vein 
HC (n = 838) CC (n = 38) MX (n = 9) 
Vp (~) 279 (37.8%) 26 (68.4%) 6 (66.7%) 
Vp (+) 459 (62.2%) 12 (31.6%) 3 (33.3%) 
Hepatic Vein 
HC (n = 725) CC (n = 36) MX (n = 8) 
Vv (—) 461 (73.8%) 31 (86.1%) 5 (62.5%) 
Vv (+) 164 (26.2%) 5 (13.9%) 3 (37.5%) 


Vp (—) or Vp (++): absence or presence of tumor emboli in the portal 
vein or in its branches. Vv (—) or Vv (4+): absence or presence of tumor 
emboli in the hepatic vein. 

HC, hepatocellular carcinoma; CC, cholangiocellular carcinoma; MX, 
mixed carcinoma. 


frequent site for distant metastasis in hepatocellular car- 
cinoma patients was the lung. Metastasis of -cholangi- 
ocellular carcinoma was most frequently found in lymph 
nodes, followed by the lung. 


Medical History 


A history of acute hepatitis, chronic hepatitis, and liver 
cirrhosis was recorded in 15.4%, 49.7%, and 56.2% of he- 
patocellular carcinoma patients, respectively. Blood 
transfusions had been given to 23% of the hepatocellular 
carcinoma patients, 63.2% of whom had received them 
more than 10 years earlier. 

Alcohol intake (86 g of ethanol per day for more than 
10 years) was noted in 30.9% of hepatocellular carcinoma 
patients (Table 9). , 

Table 10 shows the incidence of patients with hepatitis 
B virus-associated antigens and antibodies. Hepatitis B 


TABLE 6. Fibrous Capsule Formation of 
Tumor and Capsule Infiltration 


Fibrous Capsule Formation 


HC (n = 1987) CC (n = 123) MX (n = 14) 
Fe (-) 396 (19.9%) 92 (74.8%) 10 (71.4%) 
Fe (+) 1591 (80.1%) 31 (25.2%) 4 (28.6%) 
Capsule Infiltration 
HC (n = 1683) CC (n = 67) MX (n = 8) 
Fc inf (—) 1040 (61.8%) 39 (58.2%) 5 (62.5%) 
Fc inf (+) 643 (38.2%) 28 (41.8%) 3 (37.5%) 


Fe (—) or Fe (+): absence or presence of fibrous capsule. 

Fc inf (—) or Fe inf (+): absence or presence of capsule infiltration of 
cancer cell. 

HC, hepatocellular carcinoma; CC, cholangiocellular carcinoma; MX, 
mixed carcinoma. 
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TABLE 7. Accompanying Changes in Liver Parenchyma 
HC CC MX 
Operation Autopsy Operation Autopsy Operation Autopsy 
(n = 1.976) (n = 1.845) (n = 121) (n = 105) (n = 15) (n = 25) 
Fibrosis 157 102 12 7 I 2 
(7.9%) (5.5%) (9.9%) (6.7%) (6.7%) (8.0%) 
Chirrhosis* 1458 1515 17 22 7 15 
(73.8%) (82.1%) (14.0%) (21.0%) (46.7%) (60.0%) 
B-type 1131 1133 13 15 5 12 
(57.2%) (61.4%) (10.7%) (14.3%) (33.3%) (48.0%) 
-type 218 122 2 4 2 0 
(11.0%) ° (6.6%) (1.7%) (3.8%) (13.3%) 
A-type 48 101 2 0 0 2 
(2.4%) (5.5%) (1.7%) (8.0%) 
"type 44 121 0 2 0 l 
(2.2%) (6.6%) (1.9%) (4.0%) 
F-type 17 38 0) I 0 0 
(0.9%) (2.1%) (1.0%) 
Others 162 79 11 13 ] 2 
(8.2%) (4.3%) (9.1%) (12.4%) (6.7%) (8.0%) 
None 199 149 81 63 i 6 6 
(10.1%) (&.1%) (66.9%) (60.0%) (40.0%) (24.0%) 


* According to Miyake’s Classification of Chirrhosis: A-, B-, and F- 
type in Miyake’s classification almost correspond to postnecrotic, post- 
hepatitic, and nutritional cirrhosis, respectively. 


surface antigen, which was measured mainly by reverse 
passive hemoagglutination or radioimmunoassay, was 
positive in 26% of the hepatocellular carcinoma and in 
7.4% of the cholangiocellular carcinoma patients. Hepa- 


Organ 


Lung 

Bone 

Brain 

Peritoneum 

Intraperitoneal 
organs 

Adrenal gland 

Skin 

Others 

Lymphnode 


HC 


888/1916 (46.3%) 
199/1780 (11.2%) 
22/1190 (1.8%) 


~ 312/1809 (17.2%) 


342/1848 (18.5%) 
229/1839 (12.5%) 
24/1832 (1.3%) 
257/1581 (16.3%) 
417/1374 (30.3%) 


HC, hepatocellular carcinoma. 


CC, cholangiocellular carcinoma. 


MX, mixed carcinoma. 


TABLE 8. Metastasis (Autopsy Cases) 


CC 


56/113 (49.6%) 

18/106 (17.0%) 
0/63 

51/109 (46.8%) 


44/106 (41.5%) 
22/108 (20.4%) 
8/108 (7.4%) 
29/97 (29.9%) 
59/86 (68.6%) 


MX 


{1/22 (50.0%) 
5/20 (25.0%) 
1/14 (7.1%) 

10/21 (47.6%) 


10/23 (43.5%) 
9/24 (37.5%) 
0/22 
9/20 (45.0%) 

16/21 (76.2%) 


TABLE 9. History of Blood Transfusion and Alcohol Intake 


Blood transfusion 


Alcohol intake (86 g of ethanol/day 
-for more than 10 years) 


HC, hepatocellular carcinoma. 


CC, cholangiocellular carcinoma. 


MX, mixed carcinoma. 


HC 


7177/3377 
(23.0%) 


1136/3676 
(30.9%) 


25/197 
(12.7%) 


35/217 
(16.1%) 


CC MX 


6/38 
(15.8%) 


12/44 
(27.3%) 


HC, hepatocellular carcinoma; CC, cholangiocellular carcinoma; MX, 


mixed carcinoma. 


titis B surface antibody was positive in 26.9% of hepato- 
cellular carcinoma patients and in 22.8% of cholangi- 
ocellular carcinoma patients. 


Diagnostic Procedures 


Table 11 lists a variety of diagnostic imaging procedures 
and their effectiveness in clinical diagnosis. Hepatic an- 
giogrpahy, computed tomography, and ultrasonography, 
which were performed in approximately 90% of the he- 
patocellular carcinoma patients, demonstrated positive 
findings in 90% of the hepatocellular carcinoma patients 


TABLE 10. HBV-Associated Antigens and Antibodies 


HBsAg 

(+) 

(—) 
Anti-HBs 

(+) 

(=) 
Anti-HBc 

(+) 

(—) 
HBeAg 

(+) 

(=) 
Anti-HBe 
(+) 
(—) 


HC 
965/3712 (26.0%) 
2747/3712 (74.0%) 


864/3213 (26.9%) 
2349/3213 (73.1%) 


914/1323 (69.1%) 
409/1323 (30.9%) 


239/1494 (16.0%) 
1255/1494 (84.0%) 


456/1344 (33.9%) 
888/1344 (66.1%) 


HC, hepatocellular carcinoma. 
CC, cholangiocellular carcinoma. 


CC 
15/203 (7.4%) 
188/203 (92.6%) 


38/167 (22.8%) 
129/167 (77.2%) 


26/44 (59.1%) 
18/44 (40.9%) 


1/40 
39/40 


(2.5%) 
(97.5%) 


15/36 
21/36 


(41.7%) 
(58.3%) 


pa 
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HC 
Angiography Performed 3291/3999 (82.3%) 
Hypervascular 2921/3291 (88.8%) - 
< Hypovascular 205/3291 (6.2%) 
Avascular - 36/3291 (1.1%) 
Scinti Scan Performed 2405/3983 (60.4%) 
Positive findings 1962/2405 (81.6%) 
CT (Plain) Performed 3461/3892 (88.9%) 
Positive findings 3248/3461 (93.8%) 
CT (Enhanced) Performed 2732/3723 (73.4%) 
Positive findings 2550/2732 (93.3%) 
US Performed 4142/4462 (92.8%) 
Positive findings 3922/4142 (94.7%) 


HC, hepatocellular carcinoma. 
CC, cholangiocellular carcinoma. 


tested. Serum alpha-fetoprotein (AFP) levels are listed in 
Table 12. In 55.1% of the hepatocellular carcinoma pa- 
tients, and in 7.3% of the cholangiocellular carcinoma 
patients, the AFP level was higher than 200 ng/mL. 


Surgical Treatment 


As shown in Table 13, of the 2174 resections, 109 were 
extended Iobectomies, 484 were lobectomies, 490 were 
segmentectomies, and 1057 were partial resections, in- 
cluding subsegmentectomies. 


Causes of Death 


Table 14 shows the causes of death of patients with 
primary liver cancer. Deterioration due to tumor growth 
and hepatic failure were the two main causes, each ac- 
counting for more than 30% of the deaths. 


Survivals 


Figure 1 illustrates the survival curves of the hepato- 
cellular carcinoma patients with hepatic resections in re- 


TABLE 12. Alpha-fetoprotein 


AEP HC cc MX HB SA 

(ng/mL) (n = 3902) (n=205) (n=43) (n=17) (n=7) 
Less than 20 860 (22.0%) 166 (81.0%) 14 (32.6%) 2 (11.8%) 7 (100%) 
21~200 893 (22.9%) 24 (11.7%) 13 (30.2%) 0 0 
201~ 1000 761 (19.5%)  2(1.0%)  3(7.0%) 1(5.9%) 0 
1001 ~ 10,000 772 (19.8%) 10(4.9%)  7(16.3%) 3(17.6%) 0 
10,001~ 160,000 412 (10.6%) 21.0%) 4 (9.3%) 6 (35,3%) 0 
More than 100,001 204 (5.2%) 1 (0.5%) 24.7%) 5 (29.4%) 0 


HC, hepatocellular carcinoma. 
CC, cholangiocellular carcinoma. 
MX, mixed carcinoma. 

HB, hepatoblastoma. 

SA, sarcoma. 


CC MX HB 

180/231 (77.9%) 29/45 (64.4%) 17/18 (94.4%) 

74/180 (41.1%) 20/29 (69.0%) 16/17 (94.1%) 

59/180 (32.8%) 3/29 (10.3%) 0/17 

16/180 (8.9%) 2/29 (6.9%) 0/17 
122/222 (55.0%) 25/44 (56.8%) 11/18 (61.1%) 
104/122 (85.2%) 20/25 (80.0%) 11/11 (100%) 
207/226 (91.6%) » 42/47 (89.4%) 17/18 (94.4%) 
195/207 (94.2%) 40/42 (95.2%) 17/17 (100%) 
164/220 (74.5%) 27/40 (67.5%) 12/18 (66.7%) 
152/164 (92.7%) 25/27 (92.6%) 12/12 (100%) 
212/230 (92.2%) 47/52 (90.4%) 18/20 (90.0%) 
195/212 (92.0%) 45/47 (95.7%) 18/18 (100%) 
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MX, mixed carcinoma. 
HB, hepatoblastoma. 


lation to curability. Curability was defined according to 
the general rules established by the Liver Cancer Study 
Group of Japan.’ After liver resections, the 1-year, 3-year, 
and 5-year survival rates were 67.1%, 39.6%, and 28.5%, 
respectively. The difference between the curative and 
noncurative surgery groups was significant. No patient in 
the noncurative surgery group survived more than 4 years. 
Figures 2 to 8 show the survival rates after hepatocellular 
carcinoma resection in relation to the possible factors af- 
fecting the prognosis. Figure 2 and 3 demonstrate the sur- 
vival rates in relation to the size and the number of tumors, 
respectively. Patients with a tumor measuring less than 5 
cm in diameter survived longer than those with tumors 
more than 5 cm in diameter, and those with a solitary 
tumor had a fair prognosis. The prognositic role of cap- 
sular formation is seen in Figure 4, in which a significantly 
better prognosis is noted in patients with a tumor capsule. 
Capsular infiltration by cancer cells denotes a poor prog- 
nosis (Fig. 5). Figures 6 and 7 show the survival curves 
in relation to venous invasion, indicating that the degree 
of venous involvement is a fairly reliable factor in pre- 
dicting long survival. 

Figure 8 illustrates the influence of the grade of ana- 
plasia of cancer cells on survival, suggesting that hepa- 
tocellular carcinoma patients with poorly differentiated 
carcinoma survive for a shorter time than do those with 
well-differentiated carcinoma. 


Discussion 


The diagnosis and treatment of primary liver cancer 
have progressed strikingly in the past 10 years. Such de- 
velopments are mainly due to precise diagnostic imaging 
and sophisticated surgical techniques, which have led to 
a marked improvement in the outcomes of patients with 
primary liver cancer. 

The present survey performed against this background 
gives us a great deal of significant and suggestive infor- 
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TABLE 13. Hepatic Resections 





HC CC 

Procedure (n = 2174) (n = 125) 
Extended lobectomy 109 21 
Lobectomy 484 47 
Segmentectomy 464 20 
Partial resection 1057 25 

Hepatectomy with additional 

surgical treatments 60 6 

Total 2174/2350 125/153 

(92.5%) (81.7%) 


* 2334 cases with hepatic resection is only 18.1% of 12,887 registered 
cases. 

HC, hepatocellular carcinoma. 

CC, cholangiocellular carcinoma. 


mation for understanding and investigating the basic and 
clinical aspects of primary liver cancer. 

The survey conducted by the Liver Cancer Study Group 
of Japan started in 1965. In this most recent survey some 
characteristics of the epidemiology, histopathology, etiol- 
ogy, and so on of primary liver cancer in Japan were al- 
most the same as in the previous surveys. These constant 
features are summarized as follows. (1) Hepatocellular 
carcinoma 1s very common, representing 91% of all cases 
of microscopically proved liver cancer. (2) Primary liver 
cancer is more prevalent in men; in fact the ratio of men 
to women is approximately 4.7 to |. (3) The incidence of 
primary liver cancer is highest in the 6th decade of life. 
(4) In approximately 80% of hepatocellular carcinoma 
patients there is associated hepatic cirrhosis. Histopath- 
ologically, a trabecular arrangement of cancer cells was 
common in hepatocellular carcinoma and a microtubular 
pattern was common in cholangiocellular carcinoma. 
Capsular formation and tumor thrombi, especially in the 
portal vein, were more common in hepatccellular carci- 
noma than in cholangiocellular carcinoma. 

It is well known that an interplay of many factors, in- 
cluding chronic liver disease and hepatitis B virus infec- 


MX HB SA Total 
(n = 19) (n = 12) (n = 4) (n = 2334) 
1 4 l 142 (6.1%) 
6 6 0 543 (23.3%) 
3 I l 489 (21.0%) 
8 l 2 1093 (46.8%) 
1 0 0 67 (2.9%) 
19/20 12/17 4/4 2334* 
(95.0%) (70.6%) (100%) 


MX, mixed carcinoma. 
HB, hepatoblastoma. 
SA, sarcoma. 


tion, plays an important role in the etiology and patho- 
genesis of hepatocellular carcinoma. Interesting is the fact 
that the proportion of hepatitis B surface antigen-positive 
cases among hepatocellular carcinoma patients has grad- 
ually decreased in the series of surveys, but the association 
of liver cirrhosis with hepatocellular carcinoma is still fre- 
quent. This can probably be attributed to the increased 
numbers of patients with non-A non-B virus infection- 
associated hepatocellular carcinoma. A previous blood 
transfusion may be one of the main factors causing in- 
fection with hepatitis virus, including hepatitis B virus 
and non-A non-B virus. However we cannot yet be sure 
of the role of non-A, non-B virus in hepatitis B surface 
antigen-negative hepatocellular carcinoma cases because 
we have no assay system for non-A non-B virus infection. 

The etiologic role of alcohol in hepatocellular carci- 
noma remains to be discussed. The high incidence of al- 
coholism in the hepatocellular carcinoma patients ob- 
served here suggests that alcohol acts as a promoter in 
patients with liver cirrhosis. Furthermore it is supporting 
evidence for the role of alcohol as a promotor that the 
onset of hepatocellular carcinoma in alcoholics tends to 
be earlier than in nonalcoholics (data not shown). 


TABLE 14. Causes of Death 


HC 
Deaths Associated with Carcinoma 2487 
Deterioration due to tumor growth 33.8% (840/2487) 
Hepatic failure 34.5% (858/2487) 
Gastrointestinal bleeding 9.0% (224/2487) 
Rupture of esophageal varices 9.0% (223/2487) 
Rupture of tumor 19.1% (252/2487) 
Operative death 3.6% (90/2487) 
Deaths due to other causes 232 
Unknown 182 


HC, hepatocellular carcinoma. 
CC, cholangiocellular carcinoma. 


cc MX HB 

157 38 12 
58.6% (92/157) 52.6% (20/38) 75.0% (9/12) 
26.8% (42/157) 39.5% (15/38) 8.3% (1/12) 
5.1% (8/157) 5.3% (2/38) 8.3% (1/12) 
1.9% (3/157) 0% (0/38) 0% (0/12) 
5.1% (8/157) 2.6% (1/38) 0% (0/12) 
2.5% (4/157) 0% (0/38) 8.3% (1/12) 

14 2 1 


16 2 I 


MX, mixed carcinoma. 
HB, hepatoblastoma. 


4 


ne, 
s, 
va 


Vol. 211 «No. 3 PRIMARY LIVER CANCER IN JAPAN 283 





100 
—— : total cases with hepatic resection n=2478 
90 A .—.— : non-curative op. n=938 ] P<0.01 
=r : curative op. n= 1306 
80 s (log-rank test) 
70 È aa oN 
\ N 
a 60 \ Nea 
= “Ss ON 
Z . Na AE R ` 
O oe N EE EEI EEA EELE E EE 
(Sa Nini 
u 40 \ 
\ 
30 = 
\ ante winch fo OSE i 2 
| 
20 . 
\ 
| 
10 i 
| 
O : 
O 12 24 36 48 60 T2 84 
MONTH 
Fic. 1. Cumulative survival of hepatocellular carcinoma patients with hepatic resection. 
oe 1 : n=1716 
\ ee | P< 0.0001 
90 A 23 n= 348 ] N.S 
X 3 : n=126 ` 
80 Xt 4: n=46 
N 5 : n&181 
70 Wa 
Wl 
Ya 
© 60 NA 
S22, 
7 50 4h %22 
z 22-23 
H 40 ‘ 
d-2-2-2-2-2 
30 | 
20 i 
10 À a m h h ee oe 
O 
O 12 24 36 48 60 72 84 


MONTH 


Fic. 2. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to the number of tumors. 
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FIG. 3. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to tumor size in diameter. 
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Fic. 4. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to the presence of the macroscopic capsule 
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Fic. 5. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to macroscopic capsule infiltration of tumor. 
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FC-inf (—) and Fe-inf (+) represent the absence and presence of macroscopic capsule infiltration of tumor, respectively. 
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Fic, 6. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to the degree of macroscopic portal involvement. 


Vp0; no portal involvement, Vpl; involvement to more peripheral tract than the 3rd branches, Vp2, Vp3, and Vp4 represent the involvement to 
the second branches, first branches, and portal trunk, respectively. 
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FIG. 7. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to the degree of macroscopic involvement of 


hepatic vein. VvO; no venous involvement, Vv1; involvement to more peripheral tract than the third branches, Vv2, Vv3, and Vv4 represent the 
involvement to the second branches, first branches, main hepatic veins, respectively. 
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FIG. 8. Cumulative survival of hepatocellular carcinoma patients with hepatic resection in relation to the classification of Edmondson and Steiner. 
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In relation to AFP, the percentage of hepatocellular 
carcinoma patients with an AFP level higher than 200 
ng/mL was approximately 50% in this survey and more 
than 70% in the previous survey. This difference may be 
due to the greater number of small tumors and/or non- 
AFP producing hepatocellular carcinoma, generally be- 
cause of improved diagnostic techniques. The amazing 
progress in diagnostic procedures is due to the clinical 
application of noninvasive methods, such as computed 
tomography and ultrasonography in addition to hepatic 
angiography, scintiscan, and alpha-fetoprotein. As shown 
in Table 11, computed tomography and ultrasonography, 
which are very prevalent in Japan, were equal to hepatic 
angiography in their specificity and sensitivity in the di- 
agnosis of hepatocellular carcinoma. 

The major causes of death in hepatocellular carcinoma 


patients were almost equally tumor growth and hepatic 


failure. However in patients with uncontrollable tumors, 
the exact cause of death is difficult to diagnose because 
tumor growth finally results in hepatic failure by replacing 
the parenchyma of the liver. In other cases it induces rup- 
ture of esophageal varices by involving the portal trunk, 
and causing portal hypertension. The remarkable decrease 
in operative deaths (3.8%) is generally attributed to im- 
provements of liver surgery, including appropriate eval- 
uation of hepatic functional reserve, better pre- and post- 
operative management, and new surgical techniques such 
as ultrasonically 4uided hepatectomy,!® as well as to earlier 
diagnosis. Furthermore limited resections, which were 
performed widely in the present survey mainly because 
of the developments mentioned above, contributed to 
lowering of the operative death rate. In the previous survey 
from 1968 to 1977, when the operative death rate was 
15.7%, approximately 60% of operative procedures were 
extended and conventional lobectomies. 

The most striking item in the present survey is the sur- 
vival of partially hepatectomized hepatocellular carci- 
noma patients. This is the first investigation of prognostic 
factors in relation to tumor size, tumor number, capsular 
formation, venous involvement, and so on in so many 
hepatocellular carcinoma cases throughout the country. 
As shown in Figure 1, curative surgery is likely to be in- 
dispensable for long-term survival. With regard to tumor 
size, a diameter of less than 5 cm is an important factor 
in predicting a fair prognosis. Patients with a single nodule 
survived longer than those with multiple tumors. Capsular 
formation, which was microscopically observed in about 
80% of hepatocellular carcinoma cases in Japan, was also 
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an item of predictive evidence, and the absence of a tumor 
capsule suggested a poor prognosis. Patients without cap- 
sular invasion survived significantly longer than those with 
capsular invasion. Tumor emboli in the portal and hepatic 
veins were also reliable indicators of a poor prognosis. 
Such venous involvements are possible main factors in 
the recurrence of cancer in the remnant liver and in distant 
metastases. 

Thus the present survey helps us to determine the sur- 
gical indications of hepatocellular carcinoma from the 
viewpoint of the gross and histologic features of the tumor, 
and it also raises clinically important problems. We should 
remark that less than 20% of hepatocellular carcinoma 
patients in Japan underwent hepatic resection, mainly 
because in the remaining patients the disease and/or as- 
sociated hepatic cirrhosis were too far advanced for sur- 
gery, and that the rate of recurrence in the remnant liver 
after hepatectomy was significantly high. Therefore we 
are now striving to develop promising treatments, in- 
cluding transarterial embolization, regional chemother- 
apy, intratumoral ethanol injection, and sophisticated 
immunotherapy, such as transfer of autologous lympho- 
cytes, to induce cytotoxicity in patients with far-advanced 
hepatocellular carcinoma and recurrences. 
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Exogenous Transforming Growth Factor-Beta 2 


Enhances Connective Tissue Formation and Wound ~ 


Strength ın Guinea Pig Dermal Wounds Healing by 


Secondary Intent 
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The presence of transforming growth factor-6 (TGF-f) at the 
site of acute injury, its ability to attract inflammatory and con- 
nective tissue cells, and its stimulatory effect on the deposition 
of connective tissue matrix combine to suggest that it may play 
a key role in the response to injury. The effect of exogenous 
TGF-8 form 2 on dermal wounds healing by secondary intent 
was investigated using a sponge composed of collagen and heparin 
as a delivery vehicle. Longitudinal lenticular-shaped wounds on 
the dorsum of adult guinea pigs were treated at the time of 
wounding with delivery vehicle containing 0.5, 1, or 5 ug of pu- 
rified, bovine bone-derived TGF-G@2, and were compared with 
wounds that received vehicle only or were untreated. At days 8 
and 14 the amount of connective tissue in the wounds and the 
extent of epithelialization were determined by histomorphometric 
methods, and wound breaking strength was determined. At day 
8, but not at day 14, wounds treated with 1 or 5 ug of TGF-82 
contained a significantly higher proportion of connective tissue 
than did wounds treated with vehicle only, and they also exhibited 
higher wound strength. No effect on wound size or re-epithe- 
lialization was detected. The observations provide evidence that 
a single treatment with exogenous TGF-§2 delivered in collagen/ 
heparin sponge vehicle can accelerate repair in guinea pig dermal 
wounds allowed to heal by secondary intent. 


RANSFORMING GROWTH FACTOR-BETA (TGF-8) 
is a multifunctional peptide regulator of cellular 
proliferation, migration, and activity.! Two re- 
lated proteins referred to as TGF-@1 and TGF-82, with 
70% sequence identity, have been purified and character- 
ized.” In many systems the two forms have similar activ- 
ities, but in a few cases they appear to differ in potency 
or activity.” In general the activity of these molecules 
appears to stimulate the proliferation of connective tissue 
but to inhibit epithelial proliferation!” 
TGF-ß81 is present in the alpha-granules of platelets 
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and is released at the site of tissue damage during platelet 
ageregation.® It may also be secreted at wound sites by 
activated lymphocytes,’ macrophages,'° and fibroblasts.'! 
It is secreted in an inactive latent form''~'* and may be 
activated at the site by enzymatic activity'' or by an acidic 
microenvironment associated with acute inflammation. '” 
TGF-£ is also a chemoattractant for monocytes’? and fi- 
broblasts.'® It has been shown to stimulate the secretion 
of connective tissue proteins and glycosaminoglycans by 
fibroblasts and epithelial cells in vitro” and to inhibit 
the production of proteases and stimulate the secretion 
of proteinase inhibitors.” TGF-8 also has been shown 
to stimulate fibroblasts to contract collagen gels in vitro.” 

The presence of TGF-@ at the site of acute injury and 
in activated macrophages, its ability to attract inflam- 
matory and connective tissue cells, its stimulatory effect 
on the deposition of connective tissue matrix, and its abil- 
ity to promote fibroblast-mediated contraction of collagen 
gels combine to suggest that the molecule may play a kev 
role in tissue repair.'* A transient local increase in en- 
dogenous TGF-6 has been detected in subcutaneously 
implanted wire mesh chambers,” and TGF-8 mRNA is 
expressed by activated macrophages harvested from 
wound chambers.” The addition of exogenous TGF-€ 
has been shown to stimulate the connective tissue response 
in a variety of subcutaneous models.'*?!~*? Furthermore, 
it has been shown that treatment of surgically closed 


wounds in rats with exogenous TGF-@1 delivered in a 


collagen gel vehicle can stimulate an increase in wound 
breaking strength.’ However no previous reports have 
described the effect of exogenous TGF-62 in any wound 
model, nor the effect of TGF-81 or TGF-62 in wounds 
healing by secondary intent. 
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Impaired healing of dermal wounds and ulcers is a se- 
rious but poorly understood clinical problem.7”** The in- 
cidence of lower limb ulcers in Europe has been estimated 
to be between 0.1% and 0.4% of the whole population.??° 
The present report presents evidence that a single treat- 
ment with exogenous TGF-62 delivered in collagen/hep- 
arin sponge vehicle can enhance the rate of deposition of 
connective tissue and the breaking strength of guinea pig 
dermal wounds allowed to heal without surgical closure. 
The results suggest that the ability of TGF-82 to promote 
connective tissue deposition in open dermal wounds may 
be useful in the treatment of chronic wounds or slowly 
healing traumatic wounds. 


Materials and Methods 
Characterization of TGF-82 


TGF-62 was purified from bovine bone as described.*! 
The purity of the TGF-62 preparations was shown to be 
greater than 99% by silver-statned SDS-PAGE. The prep- 
arations demonstrated an EDs value of approximately 
0.1 to 0.2 ng/mL in the soft-agar assay using normal rat 
kidney cells.” 


Preparation of Collagen/Heparin Sponge 


Fibrillar collagen was prepared from purified pepsin- 
digested bovine skin as described.” The collagen/heparin 
composite was formed by homogenizing sodium heparin 
(HEPAR Industries, Franklin, OH) and fibrillar collagen 
as described.** Various amounts of TGF-82 were added 
to the composite and lyophilized using a Virtis 15 SRC- 
X freeze dryer. The resultant collagen/heparin/TGF-82 
sponge had a composition of 68% collagen, 25.7% sodium 
phosphate and sodium chloride salts, 5.4% moisture, 0.9% 
sodium heparin, and from 0 to 0.04% TGF-62 by weight. 
Each sponge measured 4.5 cm by 1.1 cm by 0.15 cm and 
contained 0, 0.5, 1.0, or 5.0 ug of TGF-£2. 


Animal Model 


Animal procedures conformed with NIH guidelines. A 
midline 5-cm long incision through the cutaneous muscle 
was made in the dorsal skin of 50 male Hartley guinea 
pigs weighing 450 to 550 g. The skin edges were allowed 
to gape open to form longitudinal lenticular-shaped 
wounds 5 cm long and approximately 1.2 cm wide at the 
midpoint, with a mean surface area of 4.2 cm?. Wounds 
in groups of 10 animals each were treated with collagen/ 
heparin sponge or with collagen/heparin sponge contain- 
ing 0.5, 1.0, or 5.0 ug of TGF-82 per sponge. These values 
correspond to 0.1, 0.2, or | ug/cm? of sponge surface. A 
strip of sponge was placed in the wound, hydrated with 
a few drops (less than 0.2 mL) of saline, and spread to 
cover the surface of the wound. The wound was covered 
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with Opsite® transparent adhesive dressing (Smith and 
Nephew, Columbia, SC), gauze, and elastic tape and was 
allowed to heal by secondary intention, that is by accu- 
mulation of new connective tissue within the tissue defect. 
Control wounds in an additional group of 10 animals 
received no sponge or growth factor, but were otherwise 
dressed and investigated as described. 

Wounds from five animals in each group were inves- 
tigated at each of days 8 and 14 after surgery and treat- 
ment. A small portion of the wound was excised from 
one end of each wound and prepared for histologic ex- 
amination. The sections were taken perpendicular to the 
long axis of the wounds and included a small portion of 
intact dermis at either side. The remaining dorsal tissue, 
including the wound and 3 cm of adjacent intact dermis, 
was excised and stored at —80 C for mechanical testing.** 


Histology and Histomorphometry 


Tissue for histology and histomorphometry was fixed 
in 10% neutral buffered formalin and embedded in par- 
affin. Cross sections, 3 to 4 um thick, were stained with 
the hematoxylin and eosin and Gomori trichrome tech- 
niques. The area of the wound visible in the cross sections 
and the area occupied by connective tissue were traced 
onto paper with the aid of a camera lucida. The area trac- 
ings were quantitated using a digitizer tablet and micro- 
computer. Data were expressed as percentages of wound 
cross-sectional area occupied by connective tissue (100 X 
cross-sectional area of connective tissue/cross sectional 
area of wound). One section per wound was examined. 
Granulation tissue was defined by the presence of highly 
vascular connective tissue. Wound width and epithelium 
were also determined histomorphometrically. Width was 
measured as the distance between the intact wound edges 
at the level of the dermal/epidermal junction. The length 
of new epithelium covering the wound was expressed as 
a percentage of the total wound surface seen in cross sec- 
tions and measured between the intact wound edges at 
the level of the dermal/epidermal junction (100 X total 
length of epithelium/total length of surface). 


Wound Strength Measurement 


Two 0.4 cm wide strips, 6 cm long and oriented per- 
pendicularly to the long axis of the wound, were cut from 
each wound sample. Each strip was extended to failure 
at a rate of 1 cm/minute in an Instron (Canton, MA) 
model 4202 universal testing instrument with a 100-new- 
ton static load cell. Most wounds did not have a single, 
well-defined yield point-but had distinct yielding points 
corresponding to rupture of dermis and subcutaneous tis- 
sue. The rupture force was taken as the peak with the 
greatest magnitude (in most cases the dermis). Systematic 
uncertainties in the measurements due to limitations in 
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sample alignment and force-transducer s2nsitivity render 
the measurements accurate to no more than + 0.3 new- 
tons. 


Statistical Analysis 


At each time point, the raw data were’ submitted to 
one-way analysis of variance and the method of orthog- 
onal comparisOn was used to test for a significant differ- 
ence between untreated wounds and wounds receiving 
the delivery vehicle only. Data were then expressed as a 
percentage of the mean value for each time point of the 
control wounds, which received no collagen/heparin 
sponge. One-way analysis of variance was performed to 
evaluate the presence of an overall treatment effect among 
wounds treated with vehicle or vehicle plus factor. In cases 
in which this test revealed a significant TGF-62 effect, 
Williams’ t test*® for dose effects was applied to evaluate 
the mean difference between wounds treated with each 
dose of TGF-82 and those treated with sponge without 
factor. Error ranges are given as mean + standard error 
of the mean (SEM). 


Results 
Histology 


At day 8 all wounds contained cellular connective tis- 
sue, which varied in orientation from random to hori- 
zontal without a strong correlation with treatment. Sponge 
was present in the upper portion of treated wounds and 


was undergoing colonization (Fig. 1A). Epithelialization : 


was complete or advanced in most specimens and epi- 
dermal cells were often present directly on the surface of 
the sponge. Mild inflammation was present and superficial 
acute inflammation was seen in some specimens with in- 
complete epithelium. Wounds treated with TGF-62 at 
0.1 g/cm? or without factor seemed to contain somewhat 
less organized connective tissue than did wounds treated 
with 0.2 or 1 ug/cm? of TGF-62 and the sponge was less 
colonized. No remarkable changes were apparent in 
‘wounds without sponge (Fig. 1B). 

At day 14 the connective tissue was more fibrous and 
horizontally aligned, the wounds tended to. be narrower, 
although variable, and sponge was only rarely seen. Fi- 
brohistiocytic cells predominated, but occasional foci of 
round cell inflammation were seen. 


Histomorphometry of Granulation Tissue 


Figure 2 summarizes the histomorphometric deter- 
mination of connective tissue. At day 8 treatment with 
TGF-62 stimulated a significant increase in connective 
tissue (F*!> = 4.01, p = 0.05). This was primarily due to 
strong responses in the groups receiving 0.2 ug/cm? or 1 
pg/cm? of TGF-62. Both of these groups had a significantly 


higher proportion of connective tissue than did wounds 
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Fics. 1A and B. Histologic appearance of wounds at day 8. (A) Wound 
treated with collagen/heparin sponge containing 5 ug (1 g/cm’) of TGF- ` 
62 is filled with vascular connective tissue with horizontal orientation. 
Epithelium is migrating directly on residual sponge (s) at the wound 
surface. d: dermis. (Trichrome, original magnification X30). (B) At the 
same time, only the lower one half of untreated wound is filled with 
fibrous connective tissue. Arrows indicate the boundary between the 
fibrous connective tissue and the superficial region, which contains re- 
sidual clot and early cellular granulation tissue. (Trichrome, original 
magnification X30). 


treated with collagen/heparin sponge alone (tt! = 2.6, p 
< 0.05 for each group). Wounds. treated with sponge 
without factor were not significantly different from un- 
treated wounds, which provided baseline control values. 
By day 14 all wounds were essentially filled with connec- 
tive tissue and no significant differences were detected. 


Wound Strength 


Wound strength measurements are summarized in 
Figure 3. At day 8 treatment with TGF-82 stimulated a 
significant increase in wound strength (F*!° = 3.51, p 
< 0.05). Wounds treated with 0.2 ug/cm* of TGF-82.were 
stronger than sponge-only wounds at p < 0.05 (t*!® | 
= 2.06), while those treated with 1 ug/cm° differed from 
vehicle-only wounds at p < 0.01 (t*!® = 2.98). Wounds 
treated with sponge only did not differ from untreated 
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Fic. 2. Histomorphometric 


tissue. The area occupied by 
connective tissue in histologic 
cross sections was quanti- 
tated morphometrically as 
described in the text. At day 
8, wounds treated with TGF- 
82 contained a higher pro- 
portion of connective tissue 
than did the vehicle-only or 
untreated control wounds. 
Wounds treated with TGF- 
&2 at doses of 0.2 or 1 ug/ 
cm? had significantly more 
connective tissue than did 
wounds treated with colla- 
gen/heparin sponge only (p 
< 0.05). At day 14, no statis- 
tically significant differences 
in the level of connective 
tissue were detected be- 0O 
tween treated and untreated 

wounds. 
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control wounds. By day 14 no significant differences were 
detected among the groups. 


Histomorphometry of Epithelium 


Histomorphometric observations on re-epithelialization 


are summarized in Table 1. At both time points neither. 
wound width nor percentage of re-epithelialization dif- . 


fered significantly among treatments. 


Day 8 


120 Y7] Day 14 


Wound Breaking Strength 
(Percent of Control) 


0.0 02 04 06 08 1.0 12 
Dose of TGF-82 (g/cm?) 


Fic. 3. Wound strength measurements. Strips of skin perpendicular to 
the wounds were subjected to uniaxial tension to failure. At day 8, wounds 
treated with TGF-£2 at doses of 0.2 or 1 ug/cm? were significantly stronger 
than wounds treated with collagen/heparin sponge only (p < 0.05 and 
p < 0.01, respectively). At day 14, no statistically significant differences 
in wound strength were detected between treated and untreated wounds. 
The mean breaking strength of control wounds was 1.1 newtons at day 
3, and 1.5 newtons at day 14. 
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Discussion 


These data provide evidence thatthe repair of wounds 
undergoing healing by secondary intent can be accelerated 
by treatment with exogenous TGF-82 delivered in a col- 
lagen/heparin sponge. Two measures of healing confirmed 
this result. Histomorphometric observations showed that 
the amount of connective tissue at day 8 was elevated in 
wounds treated with higher doses of TGF-62. In addition 
measurements of wound breaking strength confirmed that 
the deposition of fibrous connective tissue at day 8 was 
elevated in wounds treated with TGF-82. 

In contrast no differences were detected in either mea- 
sure at day 14. Hence the effect of TGF-82 was to accel- 
erate the rate of granulation tissue formation and fibrosis 
early in healing rather than to induce abnormally high 
levels of fibrotic tissue at later times. Application of TGF- 
61 in collagen gel to rat surgical wounds has also been 
shown to accelerate the early gain in wound breaking 
strength rather than to increase the ultimate level of 
strength.*4~*° In all of these experiments, growth factor 
was applied to the wound once only, at the time of 
wounding. It is possible that continuous or repeated ap- 
plication of growth factor could result in a permanently 
elevated amount of connective tissue. Nevertheless the 
observation that a single application of TGF-8 to wounds 
appears only to accelerate the rate of healing suggests that 
excessive fibrosis is not likely to be a serious problem 
when the factor is used to treat human wounds. 

In vitro data suggest that TGF-8 promotes the accu- 
mulation of connective tissue matrix by inducing elevated 
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TABLE 1. Histomorrhometric Determination of Wound Width and Epithelialization 
Wound Width (mm) Epithelialization (%) 
Day 8 Day 14 Day 8 Day 14, 

Treatment Mean SEM. Mean SEM Mean SEM Mean SEM 
Untreated control 2A 0,34 1.6 0.49 100 0 100 0 
Sponge only 3.2 0.43 1.1 0.24 79 12.0 100 0 
0.1 g/cm? TGF-82 © 34 0.51 2.4 0.63 100 0 84.2 10.1 
0.2 ng/em* TGF-82 2.8 0.67 22 0.52 83 10.8 93.2 6.8 
1.0 g/cm? TGF-62 2.3 0,38 1.3 0.31 95 3.5 100 0 


There were no significant differences among treatments at either time point. Each measurement is based on five wounds. 


synthesis of matrix molecules," 


proteolytic activity.” -7 Furthermore in vitro data also 
show that TGF-8 may reduce the proliferation of endo- 
thelial cells. These observations suggest that the prin- 
cipal effect of TGF-8 in vivo may be to st:mulate fibrosis 
rather than angiogenesis. Previous data confirm that in 
vivo application of exogenous TGF-6 leads to accumu- 
lation of connective tissue matrix.?!~*° In these studies, as 
well as in the present investigation, the newly deposited 
connective tissue was, nevertheless, vascular. It is possible 
that,.im vivo, vascularity was due to the activity of other, 
endogenous growth factors, or that it was a secondary 
response to TGF-8. It is also likely that the response of a 
given cell type to TGF-8 in vivo may depend on the specific 
extracellular matrix environment.! This notion is sup- 
ported by experiments in which TGF-B not only did not 
reduce proliferation of endothelial cells but even induced 
the formation of vessel-like tube structures when the cells 
were cultured in three-dimensional collagen gels.” 

TGF-8 has been shown to inhibit epithelial proliferation 
in vitro,'*°°>' but also it may promote epithelial 
differentiation? and migration.” Nevertheless, in the 
present investigation, there was no evidence that TGF- 
82 had any effect on re-epithelialization, which was com- 
plete or advanced in all wounds. This is likely due to the 
complexity of in vivo systems in which a variety of other 
factors and matrix molecules are also present. 

Wound contraction is thought to be mediated by con- 
tractile elements in granulation tissue, but the mechanism 
is not understood.°* TGF-8 has been shcwn to promote 
the contraction of collagen gels by fibroblasts in vitro.’ 
Nevertheless, in the present experiment, treatment with 
TGF-62 stimulated an increased amount of granulation 
tissue but had no detectable effect on wound width. It ts 
possible that an early acceleration of contraction could 
have occurred but was no longer detectable at day 8. On 
the other hand, it is possible that a mere increase in the 
amount of granulation tissue in the wound is not sufficient 
to accelerate contraction, but that an independent effect, 
e.g., on organization of the granulation tissue, is required. 
A third alternative is that wound size mav be determined 


as well as by decreasing 


by the relative balance between opposed forces resulting 
from elevated amounts of granulation tissue. Thus in-this 
experiment it is possible that an increased force of con- 
traction may have been counterbalanced by a corre- 
sponding increase in the mass of wound tissue. 

Collagen gels have been shown to be a convenient de- 
livery system for growth factor delivery to surgically closed 
wounds.*4-7555 The present data show that collagen-based 
sponge is an efficient delivery method for wounds healing 
by secondary intent. The collagen/heparin sponge used 
as a vehicle in this study did not appear to interfere with 
or to enhance healing, but it did serve as a convenient 
biocompatible and biodegradable delivery system for the 
growth factor. The sponge was rapidly colonized by new 
connective tissue and was cleared without an elevated in- 
flammatory response. By day 14 the sponge was largély 
undetectable. In addition epithelial migration occurred 
on the surface of the sponge. These observations support 
the use of the collagen/heparin sponge as a delivery vehicle 
for growth factors in human wounds. 

The gaping wounds studied in this PE were 
allowed to heal by secondary intent, that is by accumu- 
lation of new connective tissue within the tissue defect, 
as well as by wound contraction. The degree to which 
such wounds can model slow-to-heal human dermal 
wounds is limited by the relatively restricted role played 
by wound contraction in many human wounds.”® Nev- 
ertheless the fact that exogenous TGF-82 could accelerate 
repair in this experimental model strengthens the possi- 
bility that TGF-82 may be useful in treating chronic non- 
healing wounds and ulcers, as well as large traumatic 
wounds in humans. 
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y Effect of Administration of Fibronectin or 
= Aprotinin on Liver Regeneration After 
Experimental Hepatectomy 
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A HON KWON, M.D., SHOJI UETSUJ!, M.D., MANABU YAMAMURA, M.D., KOSHIRO HIOKI, M.D., 


Following 70% hepatectomy, male Sprague-Dawley strain rats 
were given purified human plasma fibronectin and/or aprotinin 
intraperitoneally after hepatectomy and were divided into 4 
groups: Group FA (40 mg/kg of FN and 25,000 KIU/kg of apro- 
tinin), Group F (40 mg/kg of fibronectin), Group A (25,000 KIU/ 
kg of aprotinin), and Group C which served as a control. The 
liver regeneration rate 72 hours after hepatectomy in Groups 
FA and F, and the plasma FN levels at 24 and 72 hours following 
hepatectomy in groups with FN, were significantly higher than 
that of the control group. The incorporation of *H-thymidine 
into DNA and the phagocytic index of the reticuloendothelial 
system at 24 hours in Groups FA and F, and the mitotic index 
at 72 hours after hepatectomy in Group FA were significantly 
increased as compared to the control. But the supplementation 
of 20 mg/kg of indomethacin to the 4 groups resulted in signif- 
icant suppression of 7H-thymidine uptake 24 hours after hepa- 
tectomy. Moreover, plasma fibronectin levels in rats correlated 
well with the phagocytic index and DNA synthesis 24 hours 
following partial hepatectomy. These results suggest that fibro- 
nectin may act as an activator of the reticuloendothelial system, 
related to prostaglandins, in the process of liver regeneration. 


coprotein produced by a variety of cell types, in- 

cluding fibroblasts, certain epithelial cells, and 
hepatocytes. This glycoprotein is present in basement 
membranes, connective tissue, the extracellular matrix of 
many cells (cellular FN), and in blood (plasma FN).'* 
FN has numerous effects on a broad range of biological 
processes which involve cellular adhesion, cell motility, 
migration, proliferation, differentiation,’ malignant trans- 
formation,’ prevention of cancer growth,’ process of 
wound healing,® and also the reticuloendothelial system 
functions, Plasma FN levels decrease during clinical con- 


F IBRONECTIN (FN) IS A high molecular weight gly- 
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ditions such as shock,’ sepsis,® burn,’ trauma,'® and also 
liver damage.''!* Thus, FN depletion correlates with re- 
ticuloendothelial phagocytic depression, and the resto- 
ration of circulating levels is associated with restoration 
of reticuloendothelial phagocytic functions.'? Inflam- 
matory and phagocytic stimuli strongly induce the release 
of prostaglandins by phagocytes,’*'? and some of 
prostaglandins stimulate DNA synthesis and cell 
proliferation? and also have cytoprotective effects.!7-*° 
Therefore, it 1s interesting to study the relation between 
the activation of the reticuloendothelial system and liver 
regeneration. 

On the other hand, aprotinin (bovine panceatic trypsin- 
inhibitor) is a protease inhibitor and has been shown to 


be effective in acute panceatitis, various states of shock, 


and hyperfibrinolytic hemorrhage.?! -7 In addition, Nak- 
amura et al.” proposed that aprotinin acts on the cell 
surface and increases hepatocyte survival in serum-free 
culture by inhibiting a trypsin-like protease associated with 
plasma membranes. In the present study, we investigated 
the effect of fibronectin and/or aprotinin supplementation 
on the process of liver regeneration following hepatectomy 
in rats. 


Materials And Methods 
Animals 


Weanling male Sprague-Dawley (SD) strain rats were 
obtained from Charles River, Co., Atsugi, Japan and 
maintained under standardized environmental condi- 
tions, and were given a commercial diet and tap water ad 
libitum. 
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Purified Human Plasma FN 


Affinity chromatography of citrated human plasma was 
carried out at room temperature on a gelatin (Difco Labo., 
Detroit, MI) coupled Sepharose 4B (Pharmacia Fine 
Chemicals, Uppsala, Sweden) column. The column was 
washed with PBS until no protein was detected in the 
eluates. FN was eluted by 4M urea, ard a prepacked col- 
umn of Sephadex G-25M (PD-10, Pharmacia Fine 
Chemicals) was used to remove urea according to the 
method of Nishida et al.” Purified FN (M.W. 440,000 
daltons, pI 5.7, E280[1%,1cm] 12.8) was stored in a 0.4M 
sodium chloride solution at —70°C. Then, plasma FN 
concentration was determined using a turbidimetric im- 
munoassay kit (Boehringer Mannheim GmbH, Mann- 
heim, W. Germany). 


Hepatic Regeneration Rate 


The rate of liver regeneration following hepatectomy 
was calculated from the expression: 

Hepatic regeneration rate(%) = D/E X 100 (E = R/0.7) 
D represents liver weight per 100 g of body weight, on 
the day sacrificed. And E represents estimated liver weight 
per 100 g body weight before hepatectomy, which was 
calculated for resectional liver weight (R). 


Effects of Firbronectin and/or Aprotinin Supplementation 
on Hepatic Regeneration in Rats 


Following a l-week acclimation period, male SD rats 


weighing 230 to 270 g underwent 70% hepatectomies ac- 
cording to the method of Higgins and Anderson.” The 
rats were divided randomly into Groups FA, F, A, and 
C. Rats in Group FA were given 40 mg per kg of body 
weight of human plasma FN and 25,C00 KIU/kg body 


wt. of aprotinin (Bayer AG, Leverkusen, W. Germany) - 


intraperitoneally after the hepatectomy. Those in Group 
F and Group A were injected with 40 mg/kg body wt. of 
FN and 25,000 KIU/kg body wt. of aprotinin, respectively. 
Those in Group C were injected with 1 ml of normal 
saline and served as a control. At 24 hours and 3,5 and 
7 days after hepatectomy, the rats were killed, and the 
hepatic regeneration rate and plasma FN levels were eval- 
uated. 


Effect of Administration of Indomethacin on DNA Syn- 
thesis in Rats 


Indomethacin (1-[p-chlorobenzoyl]-5-methoxy-2- 
methylindole-3-acetic acid) (Sigma Chemical Co., St. 
Louis, MO) was dissolved in 0.3% methyl cellulose so- 
lution. Rats in Groups FA, F, A and C were given 20 mg 
per kg body weight of 0.5% indomethacin solution at the 
end of hepatectomy. At 24 hours following hepatectomy, 
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the incorporation of *H-thymidine into DNA was mea- 
sured and the effect of prostaglandins on DNA synthesis 
was estimated. ` 


Analysis of 3H-thymidine Incorporation into DNA 


3H-thymidine (specific activity = 5.0 Ci per mmol) and 
ACS-II scintillation flour were purchased from Amersham 
International plc (Amersham, England). Rats underwent 
a 70% partial hepatectomy 23 hours earlier. Under ether 
anesthesia, rats were injected intravenously with 20 uci 
of *H-thymidine per 100 g of body weight. One hour after 
injection, the animals were killed, and the livers were im- 
mediately removed and | g of liver was homogenized. 
DNA was separated by the method of Schneider.” Ra- 
dioactivity in the DNA was determined using a Packard 
4640 liquid scintillation counter. DNA contents were 
measured by a diphenylamine reaction”® with absorbance 
at 600 nm, using Calf thymus DNA (Worthington 
Biochem. Co. Freehold, N.J.) as a standard. The incor- 
poration of °H thymidine into DNA was expressed as 
dpm per ug of DNA. 


Analysis of Mitotic Index 


Rat livers were taken at 24 hours, and at days of ee 5 
and 7, fixed in 10% formalin solution, and stained with 
hematoxylin-eosine. 10,000 hepatocytes were examined 
in each hepatic specimen obtained from 6 rats of each 
group. The mean number of mitotic cells per 1000 he- 
patocytes represented the mototic index. 


Analysis of Phagocytic Index on Reticuloendothelial Sys- 
tem in Rats with Fibronectin and/or Aprotinin Supple- 
mentation 


The phagocytic index was measured using iron chon- 
droitin-sulfate compound (Fe 4 mg/chondroitin-sulfate 
sodium 20 mg/ml: CSFe). Rats in Groups FA, F, A, and 
C were intravenously administrated with 0:5 ml per kg 
body wt. of CSFe compound into the left femoral vein 
and a 0.3 ml blood was taken from the right femoral vein 
before (To), 5 min.(T,), and 15 min.(T2) after the injection. 
Serum Fe levels were measured by means of Bathophen- 
anthorolin and the phagocytic index (K value) was ex- 
pressed by the following equation according to Biozzi et 
al.?? 

K = (logC,;—logC,)/(T2—-T}) 

C,:(serum Fe levels at time T,)-(serum Fe levels at To) 

C,:(Serum Fe levels at time T2)-(serum Fe levels at To). 


Statistics 


The results were subjected to statistical evaluation using 
Student’s t-test. 
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Results 


The regeneration rates of the liver remnants, 72 hours 
following the hepatectomy, were 60.9 + 6.2%, 62.0 
+ 5.6%, 67.6 + 7.1%, and 69.3 + 4.6% in Groups C, A, 
F, and FA, respectively, and significant differences were 
observed between Groups FA and C (p < 0.05) and be- 
tween Groups FA and A (p < 0.05) (Table 1). Plasma FN 
levels in Groups FA and F, at 24 hours, 3 and 5 days after 
hepatectomy, were significantly higher than those in 
Groups C and A. These values returned to the preoperative 
levels 7 days after the hepatectomy, and no significant 
differences were observed between the 4 groups (Table 2). 

The levels of 7H-thymidine incorporation into the DNA 
of regenerating liver cells, 24 hours following hepatectomy, 
were 273.0 + 30.0, 290.7 + 44.0, 388.6 + 92.0 and 438.0 
+ 92.1 (dpm/ugDNA) in Groups C, A, F, and FA, re- 
spectively, and significant differences were observed be- 
tween Groups FA and C (p < 0.01), between Groups F 
and C (p < 0.05) (Figure 1). The supplementation of 20 
mg/kg of body weight of indomethacin to those 4 groups 
resulted in significant suppression of tritiated thymidine 
uptake by DNA, 24 hours following hepatectomy, as 
compared with the previous 4 groups without indometh- 
acin (p < 0.001) (Figure 1). The 7H-thymidine uptake, 
24 hours after partial hepatectomy, correlated well with 
plasma FN levels in rats (r = 0.6639 p < 0.01) (Figure 2). 

- The mitotic index values in regenerating liver remnants, 
72 hours following hepatectomy, were 14.2 + 2.5 (1/1000 
hepatocytes), 15.1 + 3.8, 16.3 + 3.6, and 18.9 + 3.0 in 
Groups C, A, F, and FA, respectively, and a significant 


difference was observed between Groups FA and C (p- 
< 0.05). However, mitotic index values at 24 hours, and | 


at days 5 and 7 showed no significant difference between 
these 4 groups (Figure 3). 

The phagocytic index values (K value) of the reticu- 
loendothelial system in those 4 groups were 0.512 + 0.224 
(X1077/min.), 0.715 + 0.254, 1.016 + 0.241, and 1.328 
+ 0.209 in Groups C, A, F, and FA, respectively, and 


TABLE 1. Changes in the Regeneration Rate (%) of the Liver 
Remnants After 70% Hepatectomy in Four Groups of Rats 


Time After Hepatectomy 
Groups 1 Day 3 Days 5 Days 7 Days 
Ci(n=6) . 44.7 + 3.7 60.9 + 6.2 75.9 411.4 86.2 + 6.1 
A (n = 6) 46.5 + 5.5 62.0 + 5.6 80.3 + 5.3 88.2 + 5.8 
F (n = 6) 47.1 + 5.0 67.6+7.1 822+ 5.8 89.4 + 6.7 
FA (n = 6) 49.5 + 6.5 69.3 + 4.6} 93.2 + 8.9 


86.1 + 6.6 


Rats in group FA were given plasma fibronectin (FN) and aprotinin intraperi- 
toneally after the hepatectomy. Those in group F and group A were.injected FN 
and aprotinin, respectively. Those in group C were served as a control. All values 
represent mean + SD. 

* Significantly different from C group (p < 0.05). 

t Significantly different from A group (p < 0.05). 
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TABLE 2. Changes in the Plasma FN Levels (pg/mL) After 70% 
Hepatectomy in Four Groups of Rats 


Time After Hepatectomy 


Groups I Day 3 Days 5 Days 7 Days 
C (n = 6) 70 + 11 8l+ 8 89 + 12 97+ 11 
A (n = 6) 83+ 12 88 + 19 93 + 13 95+ 8 
F (n = 6) 292 + 44*4+ 133.12" 94+ 7 92 + 10 
FA (n = 6) 320 + 61*tt 187 + 21*+F! 127 & 12°75 98+ 7 


* Significantly different from C group (p < 0.001). 
t Significantly different from A group (p < 0.01). 
+t Significantly different from A group {p < 0.001). 
§ Significantly different from F group (p < 0.01). 

ll Significantly different from F group (p < 0.001). 
All values represent mean + SD, 


significant differences were observed between Groups FA 
and C (p < 0.001), Groups F and C (p < 0.01), and Groups 
FA and A (p < 0.01) (Figure 4). Also, the phagocytic 
index, 24 hours following the hepatectomy, correlated well 
with plasma FN levels in rats (r = 0.6214; p < 0.01) (Fig- 
ure 5). 


Discussion 


Fibronectin (FN) has been reported to opsonize and 
promote phagocytosis, thus plasma FN levels have been 
shown to correlate directly with the reticuloendothelial 
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Fic. 1. The incorporation of *H-thymidine into the DNA of the regen- 
erating liver cells 24 hours after hepatectomy in four groups of rats with 
or without indomethacin (IND). In the four groups of rats without IND, 
significant differences were observed between groups FA and C {p 
< 0.01), between groups F and C (p < 0.05). The °H-thymidine uptake 
in the four groups of rats with IND was significantly suppressed as ccm- 
pared with the four groups of rats without IND (p < 0.001). Each peint 
indicates mean + SD. 
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FIG. 2. Correlation between plasma FN levels and tritiated thymidine 
uptake 24 hours after hepatectomy. °H-thymidine uptake 24 hours after 
partial hepatectomy correlated well with plasma FN levels in rats (r = 
0.6639, p < 0.01). 


clearance functions.*° Indeed, the depletion of FN has 
been documented in patients with septic trauma and 
burns, and this may reflect the utilization of FN in de- 
fective clearance of toxic particles.2!° Wide immunolog- 
ical cross-reactivities between human and other mam- 
malian species have been reported,*! and several mono- 
clonal antibodies to human FN have been shown to 
identity FNs in a wide range of mammais.***? The half- 
lives of plasma FN in humans and rats are approximately 
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Fic. 3. Changes in the mitotic index after partial hepatectomy in four 

- groups of rats. A significant difference was observed between groups FA 
and C (p < 0.05) 3 days after the operation. Each point indicates mean 
+ SD. 
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Fic. 4. Changes in the phagocytic index on RES 24 hours after hepa- 
tectomy in four groups of rats. Significant differences were observed be- 
tween groups FA and C (p < 0.001), groups F and C (p < 0.01), and 
groups FA and A (p < 0.01). Each point indicates mean + SD. 


25 hours,** and 15 hours,” respectively. Our study has 
indicated that plasma FN levels in rats correlate well with 
the phagocytic index of the reticuloendothelial system 
(RES) and DNA synthesis, 24 hours following partial 
hepatectomy. The RES provides the host defense func- 
tions by the intravascular phagocytosis of bacterial and 
non-bacterial particulates, immune complexes, fibrin 
monomers, micro-aggregates, and injured platelets. 
Among the liver phagocytic cells, Kupffer cells represent 
the largest clearance compartment and are dependent 
upon opsonic FN for optimal phagocytic function. Thus, 
plasma FN is an opsonically active protein that modulates 
the phagocytic behavior of Kupffer cells and other mac- 
rophages.*” The Kupffer cells, as resident macrophages of 
the liver, are part of the organism’s mononuclear phago- 
cyte system?ć and show many typical functions common 
to macrophages of different provenance. Kupffer cells have 
an ability to produce a variety of eicosanoids such as pros- 
taglandin (PG)D2, PGE>, PGF2a, and Thromboxane (TX) 
in response to phagocytic stimuli.” 

It is well known that prostaglandins (PGs) stimulate 
DNA synthesis and cell proliferation in the process of 
liver regeneration. The concentration of PGE, and PGF,a 
equivalents, in the rat liver, increased during liver regen- 
eration following hepatectomy in normal rats, and it was 
considered that PGE may be of key importance in DNA 
synthesis.'° Miura et al.*? reported that TXB, was the 
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Fic. 5. Correlation between plasma FN levels and phagocytic index on RES 24 hours after hepatectomy. The phagocytic index 24 hours after 
hepatectomy correlated well with plasma FN levels in rats (r = 0.6214, p < 0.01). 


initial trigger for hepatic regeneration after partial hepa- 
tectomy. Moreover, low concentrations of arachidonic 
acid or PGA,, PGE, and PGE, stimulate DNA synthesis 
and mitotic activity in primary cultures of rat liver cells.“ 


PGs, mainly of the E series, influence the levels of cyclic 


AMP and cyclic GMP in phagocytosing cells*! and in a 
variety of cultured cells,** and these expressions of cyclic 
AMP throughout liver regeneration are necessary for he- 
patocytes to enter the DNA synthetic phase and subse- 
quent mitosis.*? Furthermore, synthetic PGs of the E-se- 
ries prevent acute galactosamine or thermochemothera- 
peutic-induced liver damage!™!? and carbon tetrachloride 
hepatic necrosis,'? and these cytoprotective effects on the 
liver are due to elevated ATP and cyclic nucleotide lev- 
els,“ which also stabilize the lysosomal membrane.” Re- 
cently, it has been reported that one of the most interesting 
regulatory effects of FN is its ability to enhance macro- 
phages to secrete interleukin-1 (IL-1), and also IL-1 pos- 
sesses fibroblast-stimulating activity and induces the- re- 
lease of PGE, from fibroblasts.*° Moreover, Cheng et al.*” 
demonstrated that PGs may be one of the systems which 
regulate the circulating levels of FN by using inhibitors 
of various PG synthesis. ; 

In the present study, the administration of FN and 
aprotinin significantly increased *H-thymidine uptake, the 
phagocytic index for the reticuloendothelial system, the 


mitotic index, and liver regeneration rate following hep- 
atectomy, but the injection of aprotinin alone didn’t sig- 
nificantly promote these indices. On the other hand, in- 
domethacin, an archetypal fatty acid cyclo-oxygenase in- 
hibitor, blocks the conversion of arachidonic acid into 
PGs* and prevents the proliferatively activated hepato- 
cytes from initiating DNA synthesis.'° Indeed, our sup- 
plementation of indomethacin on liver regeneration re- 
sulted in significant suppression of tritiated thymidine 
uptake, 24 hours after hepatectomy, and overcame the 
stimulative effect of FN and aprotinin on DNA synthesis. 
These results suggest that FN may act as an activator of 
the reticuloendothelial system, and especially on the ac- 
tivation of Kupffer cells, which stimulate the release of 
PGs promoting DNA synthesis in the process of liver re- 
generation, and, also, aprotinin may enhance the effect 
of FN by inhibiting the proteolytic degradation of FN. 
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of Thermal Injury 


Hypertonic Saline Dextran Resuscitation 





JURETA W. HORTON, PH.D., D. JEAN WHITE, M.S., and CHARLES R. BAXTER, M.D. 


Burn treatment requires large volumes of crystalloid, which may 
exacerbate burn-induced cardiopulmonary dysfunction. Small- 
volume hypertonic saline dextran (HSD) resuscitation has been 
used for effective treatment of several types of shock. In this 
study isolated coronary perfused guinea pig hearts were used to 
determine if HSD improved left ventricular contractile response 
to burn injuries. Parameters measured included left ventricular 
pressure (LVP) and maximal rate of LVP rise (+dP/dt max) 
and fall (~dP/dt max) at a constant preload. Third-degree scald 


burns comprising 45% of total body surface area (burn groups, _ 


N = 75), or 0% for controls (group 1, N = 25) were produced 
using a template device. In group 2, 25 burned guinea pigs were 
not fluid resuscitated and served as untreated burns; 20 burns 
were resuscitated with 4 mL lactated Ringer’s (LR) solution/ 
kg/% burn for 24 hours (group 3); additional burn groups were 
treated with an initial bolus of HSD (4 mL/kg, 2400 mOsm, 
sodium chloride, 6% dextran 70) followed by either 1, 2, or 4 
mL LR/kg/% burn over 24 hours (groups 4, 5, and 6, respec- 
tively). Untreated burn injury significantly impaired cardiac 
function, as indicated by a fall in LVP (from 88 + 3 to 68 +4 
mmHg; p = 0.01) and +dP/dt max (from 1352 + 50 to 1261 
+ 90 and from 1150 + 35 to 993 + 59; p = 0.01, respectively) 
and a downward shift of LV function curves from those obtained 
from contro! hearts. Compared to untreated burns, hearts from 
burned animals treated with LR alone showed no significant im- 
provement in cardiac function. However hearts from burned an- 
imals treated with HSD + 1 mL LR/kg/% burn had significantly 
higher LVP (79 + 4 ys. 68 + 4 mmHg, p = 0.01) and +dP/dt 
max (+dP/dt: 1387 + 60 vs. 1261 + 90 mmHge/sc, p = 0.01; 
~dP/dt: 1079 +50 ys, 993 + 59 mmHg/sc, p = 0.01) than 
hearts from untreated burned animals and generated left ven- 
tricular function curves comparable to those calculated for hearts 
from contro] animals. Mortality 24 hours after burn was 29% 
for untreated burns and was 0% for control animals, as well as 
for groups treated with the Parkland formula or HSD plus 1 or 
2 mL/kg/% burn lactated Ringer’s. The only deaths after treat- 
ment occurred in those animals given HSD plus 4 mL/kg/% 
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burn, Parkland formula (17% mortality). Our data indicate that 
HSD + 1 mL/kg/% burn lactated Ringer’s was the optimal fluid 
therapy for maintaining normal cardiac function after burn injury. 
The exchange of myocardial calcium with “Ca suggest that en- 
hanced cardiac contractile function after hypertonic resuscitation 
may be related to increased cellular calcium content. 


é 


REVIOUS STUDIES HAVE shown that thermal in- 
pP jury promotes edema and significant fluid se- 

questration in burn tissue as well as unburned tis- 
sue, producing hypovolemia and hypotension.’ It is well 
recognized that the first line of defense in treating burn 
injury is rapid crystalloid volume replacement.”*5 The 
volume of crystalloid fluid required to restore cardiocir- 
culatory function after thermal injury is large, perhaps 14 
liters during the first 48 hours.*® 

Previous studies from our laboratory showed that ther- 
mal injury impairs cardiac contractility and slows iso- 
volemic relaxation in adult hearts.”* Further study showed 
that these myocardial defects persisted after adequate isc- 
tonic fluid resuscitation from burn injury (4 mL/kg/% 
burn of lactated Ringer’s solution, Parkland formula). 
Several studies suggest that the large volumes of crystalloid 
fluid resuscitation lead to edema and extravascular 
compression of the coronary vasculature. Increased cor- 
onary vascular resistance and a resultant myocardial isch- 
emia may contribute to the cardiac depression that occurs 
after early fluid resuscitation. 

Recent interest has developed in the use of hypertonic 
saline dextran solution for the initial resuscitation of sev- 
eral types of shock. These studies have confirmed that an 
initial bolus of hypertonic saline-dextran (2400 mOsm 
sodium chloride, 6% dextran 70) improved mean arterial 
pressure and cardiac output and reduced subsequent fluid 
requirements after shock.?-'!! Reversal of hypotension with 
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hyperosmotic resuscitation has been-attributed to a shift 
of fluid from the intracellular compartment, an increase 
in plasma volume, and reduced diuresis by vasopressin- 
induced water reabsorption.from the tubules. 

In this study we hypothesized that an initial bolus of 
hypertonic saline-dextran would prevent myocardial dys- 
function after a major burn injury’and decrease the sub- 
sequent volume of isdtonic crystalloid resuscitation. We 
used an isolated coronary perfused guinea pig heart model 
to evaluate the contractile response to several regimens 
of fluid resuscitation from thermal injury in an environ- 
ment free of alterations in neurohumoral functions as well 
as altered preload and afterload responses to burn injury. 


Materials and Methods 
Experimental Animals 


Adult albino guinea pigs weighing 300 to 400 g were 
used throughout the study.* All animals were obtained 
from Simonsen Laboratories, Inc. (Gilroy, CA) and were 
allowed 7 to 10 days to acclimate to their surroundings. 
Commercial guinea pig chow and tap water were available 
ad libitum before and after the burn procedure. Only 
healthy animals free from obvious disease were used in 
this study. 


Hemodynamic Instrumentation 


Guinea pigs were anesthetized lightly with methoxyflu- 
rane 18 hours before the burn experiment. Body hair on 
the abdomen, side, back, and neck was closely clipped, 
and the neck region was treated with a surgical scrub (Be- 
tadine). The left carotid artery was exposed and a poly- 
ethylene catheter (PE-50) was inserted into the artery and 
the tip was advanced retrogradely to the level of the aortic 
arch. In addition the right external jugular vein was ex- 
posed and a polyethylene catheter (PE-50) was inserted 
_ for administration of fluids and drugs. The catheters were 
filled with heparinized saline and exteriorized at the nape 
of the neck via a subcutaneous tunnel. The catheters were 
secured with silk sutures and adhesive tape. Furacin pow- 
der was placed in the incision and the skin closed with 
silk suture. After instrumentation, guinea pigs were housed 
within the laboratory in individual cages, placed on a 
heating pad maintained at 38 C. 


Burn Procedure 


. a . . ' 
Eighteen hours after instrumentation, hemodynamic, 


metabolic, and hematologic measurements were collected 
for baseline or preburn data. The animals were then deeply 


* All animals included in these experiments were used in accordance 
with guidelines established by the National Institutes of Health, as well 
as those required by The University of Texas Southwestern Medical 
Center’s Institutional Review Board for animal use. 
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anesthetized with methoxyflurane and the animals were 
secured in a constructed template device as previously 
described by this laboratory.!* The surface of the area of 
the skin exposed through the device was immersed in 100 
C water for 7 seconds on the abdomen and for 12 seconds 
on. the back and on each side. Using this technique, full- 
thickness dermal burns of specific size were obtained. 
Sham burn or control guinea pigs were subjected to iden- 
tical preparation, except they were immersed in room 
temperature water. After immersion, the guinea pigs were 
immediately dried and placed in individual cages to re- 
cover from anesthesia. Only large burns (approximately 
45% total body surface area) were included for study. If 
an animal died, another was incorporated into the fol- 
lowing set of matching experiments to achieve equivalent 
group N values. Burned guinea pigs did not display dis- 
comfort or pain. The anesthetic dose used in this study 
resulted in a significantly high mortality rate during burn 
injury, but this was acceptable to avoid unnecessary dis- 
comfort in the burned guinea pigs. Immediately after re- 
turning the animal to the cage, the external jugular cath- 
eter was connected to a swivel device (Holter pump, Model 
923, Critikon Inc., Tampa, Florida) for fluid administra- 
tion during the first 24-hour postburn period. In the con- 
trol and; untreated burn groups, the external jugular vein 
was cannulated but no fluid resuscitation was adminis- 
tered. Hemodynamic, metabolic, and hematalogic mea- 


- surements were collected 1, 6, and 24 hours after burn. 


A small sample of arterial blood (approximately 0.30 mL) 
withdrawn from the arterial catheter was used for mea- 
suring packed cell volume, hematocrit, arterial pH, and 
blood gases (radiometer, AKB). Body temperature was 
measured with a rectal temperature probe (YS1-Tele 
Thermometer, Model 44TA) and respiratory rate was 
monitored by counting respiratory movement. Systemic 
blood pressure was measured using a Gould-Statham 
(Gould Instruments, Oxnard, CA) pressure transducer 
(Model IDP23) connected to a Grass (Grass Instruments, 
Quincy, MA) medical recorder (Model 7D Polygraph). A 
tachycardiograph (Grass Instruments, Model 7P4F) was 
used to monitor heart rate. Serum electrolytes were mea- 
sured by flame photometry (Nova 5 Electrolyte Analyzer, 
Nova Biomedical, Waltham, MA) and reported as mEq/ 
liter. 


Experimental Groups 


A total of 25 sham-burned guinea pigs were included 
for study (group 1). In an additional group of controls (n 
= 10) a bolus of hypertonic saline dextran 70, 4 mL/kg 
body weight, was given over 30 minutes. This intervention 
examined the effects of a hyperosmotic solution in nor- 
movolemic animals (group 1A). 

Immediately after a third-degree burn comprising 45% 
of the total body surface area, a total of 75 guinea pigs 
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were divided into several experimental groups. In group 


.. 2, 25 animals received no fluid resuscitation and served 


as untreated burns. In group 3, 20 burned guinea pigs 
were treated with lactated Ringer’s alone for 24 hours 
(Parkland formula, 4 mL/kg/% burn). The remaining 30 
guinea pigs received an initial bolus of hypertonic saline 
dextran 4 mL/kg body weight given over a period of 20 
to 25 minutes, and were further divided into three groups 
for crystalloid fluid resuscitation over 24 hours. In group 
4, 10 guinea pigs were given lactated Ringer’s, 4 mL/kg/ 
% burn; group 5 (n = 10) received 2 mL lactated Ringer’s/ 
kg/% burn; and in group 6, 10 guinea pigs received | mL 
lactated Ringer’s/kg/% burn. 


Isolated Coronary Perfused Hearts 


Guinea pigs were anticoagulated before decapitation 
with sodium heparin (1000 units). Twenty-four hours after 
burn injury, awake guinea pigs were decapitated with a 
guillotine, and the heart was rapidly removed and placed 
in ice-cold (4 C) Krebs-Henseleit bicarbonate buffered so- 
lution. The Krebs-Henseleit bicarbonate buffer used in 
these studies is similar to that previously reported with 
isolated heart muscle preparations,'* and identical to that 
described by Adams et al.’ The solution contained (mmol) 
NaCl 118, KC1 4.7, NaHCO; 21, CaCl, 2.5, MgSO, 1.2, 
KH,PO, 1.2, and glucose 11. All solutions were prepared 
each day with demineralized, deionized water and bubbled 
with 95% O--5% CO,. The pH of this solution is approx- 
imately 7.400, pO. is 583 mmHg, and pCO, is 38 mmHg. 
The ascending aorta was cannulated with a 17-gauge can- 
nula, which was subsequently connected via glass tubing 
to a Krebs-Henseleit bicarbonate reservoir for perfusion 
of the coronary circulation at a constant flow rate of 6 
mL/minute. Hearts were suspended in a temperature- 
controlled chamber maintained at 38 + 0.5 C. A constant 
flow pump (Holter, Model 911) was used to maintain 
perfusion of the coronary artery by retrograde perfusion 
of the aortic stump cannula. The Krebs bicarbonate per- 
fusate was passed through a bubble trap and heating coil 


maintained at 38 + 0.5 C before delivery to the aorta. A> 


pressure transducer, connected to the pressure tubing be- 
tween the heart and the heating coil, was used to measure 
coronary perfusion pressure; effluent was collected and 
measured to confirm coronary flow rate. Contractile 
function was monitored using a method described by Ap- 
stein et al.'? as modified by Adams et al.”'* Intraventric- 
ular pressure was measured with a saline-filled latex bal- 
loon attached to a polyethylene tube and threaded into 
the left ventricular chamber through an apical stab wound. 
This small incision also prevented fluid accumulation be- 
tween the balloon and the heart. Left ventricular pressure 
was measured with a Statham P23ID pressure transducer 
attached to the balloon cannula. Left ventricular dP/dt 


HYPERTONIC SALINE DEXTRAN RESUSCITATION OF THERMAL INJURY 


303 


values were obtained using an electronic differentiator 
(Model 7P20C, Grass Instruments). All parameters were 
recorded on an/ink-writing recording system (Model 
7DWL8P, Grass Recording Instruments). The diastolic 
pressure in the left ventricle was adjusted from —5 to 20 
mmHg by filling the intraventricular balloon with saline. 


Left Ventricular-Function Curves 


A Starling relationship for hearts from both control 
and burned animals was determined by plotting left ven- 
tricular systolic pressure and dP/dt maximum values 
against end-diastolic pressure. Left ventricular compliance 
was determined by plotting changes in intraventricular 
volume against end-diastolic pressure. Careful attention 
was devoted to the relationship between balloon size and 
left ventricular cavity size. The capacity of each balloon 
was determined by recording the pressure-volume filling 
curve of the isolated balloon, and experiments were per- 
formed on the flat area of the pressure-volume curve. Be- 
cause heart rate varied after burn injury, hearts were paced 
as required through an electrode attached to the right 
atrium (1.8 to 2.0 volts for 4 milliseconds duration; Grass 
Stimulator, Grass Instruments). 

The effects of altered coronary flow rate (3 to 12 mL/ 
minute) on left ventricular performance were studied in 
hearts from control and burned animals. Peak systolic 
pressure and + dP/dt maximum responses were measured 
after the hearts had stabilized for several minutes at each 
flow rate. Coronary vascular resistance was calculated and 
reported as mmHg/sec/mL. The percentage of weight loss 
during 24 hours after burn was calculated for each animal. 


Measurement of Tissue Calcium (Ca) 


Two separate groups of animals (burned guinea_pigs 
treated with either lactated Ringer’s solution, Parkland 
formula [n = 6] or hypertonic saline dextran 70, 4 mL/ 
kg bolus plus lactated Ringer’s, 1 mL/kg/% burn, [n = 6]) 
were used to measure exchange of “Ca with tissue Ca?* 
after resuscitated burn injury. After 24 hours of resusci- 
tation from burn injury, the animals were decapitated 
and the isolated hearts were perfused in vitro with Krebs 
as described above. After an in vitro perfusion period of 
30 minutes, a tracer amount of Ca was added to the 
Krebs perfusate to produce approximately 13,000 counts/ 
minute/100 ul.!? Approximately 90 minutes were allowed 
for exchange of the myocardial tissue calcium content 
with *°Ca; ventricular function curves were then measured 
as described above and the hearts were removed from the 
water bath and blotted with filter paper to remove any 
perfusate. Hearts were weighed and dissolved in 2 mL of 
soluene for 18 to 24 hours (Packard Instruments, Down- 
ersgrove, IL). At this time scintillation fluid (Insta Gel, 
Packard Instruments) was added to each vial, and the 
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radioactivity was determined with a scintillation counter 
(Model LS2800, Beckman Instruments, Palo Alto, CA). 
One-hundred-microliters sample of the *°Ca Krebs solu- 
tion was added to soluene; Insta Gel was added to these 
reference vials and counted in the same manner as de- 
scribed for tissue. Myocardial radioactivity was expressed 
in mmol calcitum/kg wet weight or in mmol/kg dry weight 
and was based on the assumption that the radioactivity 
of the Krebs solution represented 2.5 mmol/liter cal- 
cium. In addition myocardial samples from each group 
were weighed to four decimal places and then dried to a 
constant weight in a drying oven (Thermolyne 1400 Fur- 
nace, Thermolyne Corp., DuBuque, IA). Myocardial wa- 
ter content was calculated from the dry wet weight ratio 


and reported as milliliter of water per gram dry weight ` 


myocardial tissue. 


Statistical Analysis 


All values are expressed as mean + standard error of 
the mean. Statistical comparison of group values using a 
Student’s t test compared absolute values at similar heart 
rate between groups. Relative changes in contractile per- 
formance to altered coronary flow rate were compared, 
as well as differences or similarities between performance- 
flow relationships achieved in control and burn hearts. 
Multiple regression analysis of best-fitting curves with test 
evaluation were included. Probability values less than or 
equal to 0.05 were considered significant. 


Results 


Hypertonic saline dextran, 4 mL/kg body weight given 
over 30 minutes to normovolemic control guinea pigs 
caused a slight fall in mean arterial blood pressure (from 
73.7 + 1.7 to 68.5 + 2.5 mmHg, p > 0.05), a significant 
decrease in packed-cell volume (37.6 + 0.5 to 30.7 + 2.2%, 
p = 0.01), and no change in heart rate (358 + 9 beats/ 
minute), body temperature (38.9 + 0.2 C) nor acid-base 
balance. Similarly in vitro comparison oi cardiac perfor- 
mance in control guinea pigs and control guinea pigs given 
hypertonic saline dextran showed. similar LVP, +dP/dt, 
coronary perfusion pressure, coronary vascular resistance, 
and time to peak pressure, 90% relaxation, and maximal 
+dP/dt (Table 1). Left ventricular function curves (left 
ventricular pressure and +dP/dt plotted versus increases 
in LVEDP from —5 to 20 mmHg) were identical in both 
control groups at all levels of diastolic stretch. In addition 
left ventricular performance-coronary flew relationships 
were similar in all control animals, as indicated by sig- 
nificant and similar increases in LVP and +dP/dt as cor- 
onary flow rate was increased from 3 to 12 mL/minute. 


Response To Untreated Burn Injury 


All untreated burn animals developed hypotension 
(mean arterial blood pressure fell from 76.3 + 1.3 to 62.6 
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TABLE 1. Comparison of In Vivo and In Vitro 
Hemodynamic Parameters 


Control Control + HSD-70 p 
Groups (n = 10) (n = 10) Value 
In Vivo 
MAP, mmHg 73.7 + 1.7 65.8 + 2.5 0.05 
HR, beats/minute 338.54 7.1 338.5 47.1 NS 
PCV, % 37.6 + 0.5 30.7 + 2.2 0.01 
BT, °C 38.8 + 0.1 38.9 + 0.2 NS 
In Vitro 

LVP, mmHg 87.4 + 2.5 85.7 +2.3 NS 
+dP/dt max, mmHg/sec 1351 + 51 1344 + 70 NS 
-dP/dt max, mmHg/sec 1154 + 34 1193 + 54 NS 
CPP, mmHg 34.1 + 0.9 36.7 + 1.4 NS 
CVR, mmHg/mL/ 

minute 5.67 + 0.15 6.12 + 0.39 NS 
HR, beats/minute 21547 226 + 4 NS 
TPP, msec 113 +3 115 +3 NS 
RTs (msec) 94 +2 94 +2 NS 
Time to +dP/dt max, 

msec 5942 STES NS 
Time to —dP/dt max, 

msec 742 69 + 1 NS 


All values are mean + SEM. MAP, mean arterial pressure; HR, heart 
rate; PCV, packed cell volume; BT, body temperature; LVP, left ven- 
tricular pressure; +dP/dt, rate of left ventricular pressure rise and —dP/ 
dt, rate of LVP fall; CPP, coronary perfusion pressure; CVR, coronary 
vascular resistance; TTP, time to peak pressure; RTo9, time to 90% re- 
laxation. NS, not significant. 

* Indicates significant difference between control and experimental 
groups at p < 0.05 (analysis of variance and Newman Keuls). 


+ 2.9 mmHg, p = 0.001), hypothermia (body temperature 
fell from 38.8 + 0.08 to 36.2 + 0.5, p < 0.05), and he- 
moconcentration (hematocrit increased from 34.9 + 0.9 
to 36.3 + 0.4, p > 0.05). Acid-base derangements included 
a rise in arterial pH (7.47 + 0.01 to 7.51 + 0.01, p = 0.001}, 
arterial p02 (92 + 9 to 133 + 11 mmHg, p = 0.05) and 
no change in arterial pCO, (29 + 1 mmHg) or serum 
bicarbonate (22.2 + 0.8 mmol/1) (Tables 2 and 3). Mor- 
tality rate during the first 24 hours after untreated burn 
injury was 29%. 

Twenty-four hours after thermal injury, hearts were re- 
moved from 25 untreated burn and 25 sham burned con- ` 
trols and perfused at a constant coronary flow rate at 6 
mL/minute and a constant LVEDP of 10 mmHg to assess 
the effects of thermal injury on contractile performance. 
Compared to control hearts, hearts from burned animals 
showed significantly lower LVP (87 + 3 vs. 68 + 4 mmHg, 
p = 0.001), +dP/dt max (1350 + 51 ys. 1260 + 96 mmHg/ 
second, p > 0.05), —dP/dt max (1154 + 34 vs. 990 + 59 
mmHg/second, p = 0.01). In addition, time to peak pres- 
sure (113 + 3 vs. 100 + 2 msecond, p = 0.01), time to 
+dp/dt max (58.9 + 2.1 vs. 48.7 + 2.0 msecond) and time 
to —dP/dt max (73.8 + 3.8 vs. 61.2 + 3.2, p = 0.01) were 
significantly shorter after thermal injury (p = 0.001). Burn 
injury was associated with a rise in heart rate (215 + 1 to 
222 + 3 beats/minute, p = 0.01), coronary perfusion 
pressure (from 34.1 + 0.92 to 42.7 + 1.6 mmHg, p = 0.01), 
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Groups Control 
MAP TRÆT 
HR 356 + 7.0 
PCV 37.8 + 0.4 
pH 7.39 + 01 
pCO, 28.8 + 0.6 
MAP 73.2 + 2.4 
HR 342 + 13 
PVC 37.8 + 0.7 
pH 7.4! + 0.01 
pCO, 28.1 + 0.7 
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TABLE 2. Hemodynamic to Burn Injury and Fluid Resuscitation 


Burn 
Untreated 
{n = 6: 


71.5414 
298 x 14* 
49.1 + 0 6* 
7.43 +001 
21.9408 


63.3 + 2.0* 
293 + 15 
50.0 + @.6* 
7.41 + C04 
28.4 + LS 


Hypertonic Saline + Lactated Ringer’s 


Treated Burn, LR 
4 mL/kg/% burn 4 mL LR/kg 2 mL LR/kg 1 mL LR/kg 
(n = 6) (n = 6) (n = 6) (n = 6) 
1 Hour After Burn 
71.4 + 2.9 66.1 + 2.9 71.1 £2.4 74.2 + 2.1 
290 + 11* 287 + 11* 283 + 8* 328 + 8* 
44.3 + 1.5* 35.5 + 1.9 40.9 + 1.5 43.5 + 1.8* 
7.29 + 0.04 7.35 + 0.02 7.37 + 0.02 7.33 + 0.04 
25.3+0.5 30.2 + 1.0 29.9 + 1.1 23.6 + 2.0 
6 Hours After Burn 
64.8 + 2.6* 57,1 3.3" 62,7 + 2.6* 64.5 + 1.7* 
312.5 + 13* 31149 326 +9 341 + 7.3 

43.8 + 1.6* 32.7 + 1.7* 39.1 + 1.8 44.7 + 1.7* 
7.34 + 0.03* 7.34 + 0.02* 7.40 + 0.01 7.43 + 0.01 
26.6 + 3.1 25.9 + 2.9 27.2 1.0 24.1 + 0.7 





All values are mean + SEM. MAP, mean arterial pressure, mmHg; 


* Indicates significant difference between groups at p < 0.05. 


HR, heart rate, beats/minute; PCV, packed red cell volulme, %. 


and coronary vascular resistance (frcm 5.67 + 0.15 to 
7.12 + 2.7 mmHg/second/mL, p = 0 01) (Table 3). 
Contractile depression after untreated thermal injury 
was further evidenced by a shift of left ventricular function 
curves for hearts from untreated burned animals down- 
ward and to the right of those curves calculated for control 
hearts (p = 0.01) (Fig. 1). While bum injury tended to 


shift the left ventricular compliance curve to the left of 
the curve calculated for control hearts, suggesting in- 
creased ventricular stiffness, these changes failed to achieve 
statistical significance. Increasing perfusate calcium con- 
centration from | to 8 nmol and increases in coronary 
flow rate from 3 to 12 mL/minute failed to overcome 
contractile desparity documented in hearts from burned 


TABLE 3, Cardiocynamic Response to Burn Injury and Fluid Resuscitation at 24 Hours 


Groups 


In Vivo 
MAP (mmHg) 
HR (beats/minute) 
PCV % 
pH 
BT (C°) 
pO (mmHg) 
pCO: 


In Vitro 
LVP (mmHg) 
+dP/dt (mmHg: sec™') 
~dP/dt (mmHg: sec!) 
Differential Ratio 
CPP (mmHg) 
CVR (mmHg- mL" minute) 
HR (beats/minute) 
TTP (msec) 
Time to max +dP/dt 
Time to max —dP/dt 
Myocardial water 


MAP = mean arterial pressure; HR = heartrate; PCV = packed cell 
volume; LVP = left ventricular pressure; +dP/d: = rate of left ventricular 
pressure rise and —dP/dt = fall; CPP = coronary perfusion pressure; 
CYR = coronary vascular resistance; TTP = time to peak pressure; RT 59 


Control 


192 
339 + 1 
38 + 05 
7.49 +031 
39:04 
03E] 
291 


88 +3 
1352 + 56 
1150 + 3: 

1.2+0D5 

34+ 1 

6.0+05 
216+2 

1144 

94+ 2 

5942 

7444 
4.37 +007 


Hypertonic Saline Plus LR 


Burn Treated Burn, LR 
Untreated 4 mL/kg/% burn 4 mL LR/kg 2 mL LR/kg I mL LR/kg 
47 + 3* 52 + 3" 37 + 4* 46 + 5* 46 + 3* 
334 + 15 368 + 11* 307 + {2* 335 + 12 370 + 9* 
42 + |* 34 1” PA ale i 29 + 2* 35. 2 
7.51 + 0.02 7.48 + 0.02 7.43 + 0.03 7.51 + 0.01 7.48 + 0.02 
36 + 0.5* 37 + 1.4* 36 + 0.6* 38 + 0.02* 36 + 0.3* 
110 + 4* 108 +6 140 + 10* 135 + 9* 115 + 7* 
27+ 1 28 + 1 23 ]* 24 + 1* 28 +2 
68 + 4* 63 + 4* 60 + 4* TE 3" 79+4 
1261 + 96 1150 + 60* 1215491 1320 + 74 1387 + 66 
993 + 59* 909 + 50* 832 + 64* 959 + 50* 1079 + 50 
1.3 + 0.06 1.3 + 0.08 1.4 + 0.04* 1.2 + 0:06* 1.3 + 0.04 
4342" 39 +3 45 + 3* . 47+ 1* 38 +3 
1.10.3" 7.0 +0.4 7.4 + 0.5* 7.8 + 0.2* 6.3 + 0.4 
22243 224 + 3 236 + 7* 23145 247 + 5* 
100 + 2* 104 + 3 99 + 2* 101 + 3* 104 + 2* 
90 +2 94 + 2 96 +2 93 +2 92 +2 
49 + 2* 50 + 1* 48 + 2* 53 +2 56 + 1 
61 + 3* - 0242" 65:2 2* 63 + 2* 62 +3" 
4.14 + 0.04 4.36 + 0.01 4.31 + 0.09 4.23 + 0.03 4.24 + 0.04 


= time tọ 90% relaxation; myocardial water content in ml H,O/gm dry 
weight. 

* Indicates significant difference between control and experimental 
groups at p < 0.05 (analysis of variance and Newman Keuls). 
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FIG. 1. Left ventricular func- 
tion curves calculated for 
sham burn controls, hearts 
from untreated burns, and 
hearts from burned animals 
resuscitated with lactated 
Ringer’s solution for 24 
hours. All values are mean 
+ SEM. 


“.5 0 5 10 15 20 


Left Ventricular End-Diastolic Pressure (mmHg) 


o—o Control 


o--o Burns treated with Parkland Formula 


a--a Untreated Burns 


animals. Furthermore burn-mediated alterations in ven- 
tricular performance were not related to the development 
of myocardial edema because left ventricular water con- 
tent was lower in nonperfused hearts from burned animals 
(4.14 + 0.04 mL/g dry weight) compared to control hearts 
(4.37 + 0.07 mL/g dry weight, p = 0.05). After in vitro 
perfusion, water content increased to a similar extent in 
all hearts, regardless of burn injury. 


Effect of Fluid Resuscitation From Burn Injury 


Administration of lactated Ringer’s solution alone (4 
mL/kg/% burn, Parkland formula) or hypertonic saline- 
dextran, plus varying volumes of Ringer’s failed to correct 
hemodynamic defects. Mean arterial blood pressure in all 
resuscitated groups remained significantly lower than that 
measured in control animals and was not significantly 
higher than that measured in untreated burns (Tables 2 
and 3). Hemodilution occured in all groups, as indicated 
by a similar fall in hematocrit. Contractile depression per- 
sisted in the burns treated with lactated Ringer’s alone, 
as indicated by a reduced left ventricular pressure and 
+ dP/dt max responses compared to control values, and 
a persistent rightward shift of left ventricular function 
curves from those calculated for sham burn controls (Fig. 
1). An initial bolus of hypertonic saline dextran added to 


the Parkland formula (lactated Ringer’s, 4/mL/kg/% burn) 
did not improve cardiac performance more than the 
Parkland formula alone. However a reduced volume of 
Ringer’s plus hypertonic saline-dextran significantly im- 
proved LVP and +dP/dt maximum response to burn in- 
jury and resuscitation (Table 3). 

The Starling relationship was examined in all groups 
of guinea pigs resuscitated with either lactated Ringer’s 
solution alone or hypertonic saline-dextran plus varying 
volumes of lactated Ringer’s during the 24-hour postburn 
period. As seen in Figure 2, reducing the subsequent vol- 
ume of lactated Ringer’s solution from 4 to 2 to 1 mL/ 
ke/% burn after an initial bolus of hypertonic saline-dex- 
tran progressively improved left ventricular performance 
as indicated by a shift of the left ventricular function curves 
upward and leftward of those calculated for both untreated 
burned animals or burned animals treated with the Park- 
land formula alone. It was of interest that the combined 
therapy of hypertonic saline-dextran plus 1 mL/kg/% burn 


of lactated Ringer’s solution produced left ventricular 


function curves that were not significantly different from 
those curves calculated for control or sham burned 
animals. 
To determine coronary flow and left ventricular per- 
formance relationships, isolated hearts from all experi- 
mental groups were studied as coronary flow rate was var- 
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ied from 3 to 12 mL/minute. As shown in Figure 3, in- 
creases in coronary flow rate improved left ventricular 
function in all hearts, but to a significantly greater extent 
in those animals treated with hypertonic saline-dextran 
and a reduced volume of lactated Ringer’s solution (1 
mL/kg/% burn). In examining the effects of burn injury 
and fluid resuscitation on coronary vascular reactivity, 
Figure 4 shows that incremental increases in coronary 
flow rate increased coronary perfusion pressure to a similar 
extent in all animals, regardless of either burn injury or 
the regimen of fluid resuscitation. These data suggest that 
hearts from burned animals retain the ability to autoreg- 
ulate coronary vascular resistance equal to that measured 
in hearts from control animals. 

In examining the weight gain during the 24-hour post- 
burn period, untreated burned animals showed a signif- 
icant weight loss compared to sham burn controls. In 
contrast all burned animals treated with either the Park- 
land formula alone or with a bolus of hypertonic saline- 
dextran plus a reduced volume of lactated Ringer’s so- 
lution had a weight gain similar to that documented in 
the control animals. Only those animals given.a bolus of 
hypertonic saline-dextran plus the full Parkland formula 


/ had a weight gain greater than that documented in control 


animals (Table 4). To examine the hypothesis that large 
volumes of crystalloid fluid resuscitation produced myo- 


o—o Control 
o--oParkland Formula 


+--+ HSD + 1 mILR 
e-e HSD + 2 mILR a 
e--w HSD + 4 miLR 


cardial edema, contributing to extravascular compression 
of the coronary vasculature and producing a resultant 
myocardial ischemia, we examined the myocardial water 
content per gram of dry weight tissue in all treated groups. 
As shown in Table 4, there was no significant difference 
in water content of hearts from either control, untreated, 
or burned animals treated with any regimen of fluid re- 
suscitation. 

There were no deaths in control animals subjected to 
anesthesia, instrumentation, and sham burn. The mor- 
tality rate after untreated thermal injury was 29%. The 
only death observed in fluid-treated burns occurred in the 
group treated with the hypertonic bolus plus the full Park- 
land formula (17% mortality rate). Hypertonic saline- 
dextran caused a significant rise in serum sodium in all 
groups; despite a significant rise in serum sodium 1 hour 
after burn in groups 4, 5, and 6, all electrolyte derange- 
ments were corrected by 24 hours after burn. There was 
no correlation between mortality rate and the significant 
rise in serum sodium in the group given the Parkland 
formula plus HSD (Table 5). 


Myocardial Ca Exchange 


After 90 minutes of perfusion of the hearts with Krebs 
containing tracer amounts of *°Ca, all tissue calcium ex- 
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changed with radioactive calcium and further incubation 
up to 2.5 hours did not increase myocardial tissue calcium 
content. Tissue calcium content in hyrertonic-treated 
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hearts tended to be higher at 1.65 + 0.21 mmol/g wet 
weight compared to that measured in lactated Ringer’s- 
treated hearts (1.52 + 0.11 mmol/g dry weight), but this 
difference failed to achieve statistical significance. The 
question arose as to whether the tendency for higher tissue 
calcium content per gram wet weight tissue after hyper- 


‘tonic resuscitation was a consequence of cell shrinkage. 


To address this issue, we normalized myocardial tissue 
calcium content for dry weight tissue and showed a sig- 
nificantly higher calcium content in hypertonic-treated 
hearts (7.52 + 0.10 mmol/g dry weight) compared to 
Ringer’s-treated hearts (6.99 + 0.11 mmol/g dry weight, 

= 0.001). In addition water content in mL water per 
gram dry weight of tissue was significantly lower in HSD- 
treated hearts (4.06 + 0.01) compared to Ringer’s-treated 
hearts (4.34 + 0.09) (p = 0.01). 


Discussion 


Previous studies have shown that hypertonic saline- 
dextran can resuscitate several types of experimental 
shock,” !** as well as severly injured patients.!° In ad- 
dition several studies have examined the hemodynamic 
effects, electrolyte and water balance, serum and urine 
osmolalities in adults”? and children? resuscitated from 
burn injuries with concentrated sodium solutions. These’ 
clinical burn studies suggest that reducing the total water 
load during resuscitation by giving hypertonic, hyperon- 
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TABLE 4. Fluid Distribution After Burn Injury and Resuscitation 


Weight Gain 
Groups (%) 
Control (n = 25) 2.19 + 0.32 
Untreated burn (n = 25) —4,84 + 0.56 
Burn + 4 mL LR (m = 20) 4.01 + 0,99. 
Burn + HSD + 1 mL LR (n = 10) 0.14 + 0.95 
Burn + HSD + 2 mL LR (n = 10) 2.99 + 1.09 
Burn + HSD + 4 mL LR (n = 10) 7.12 + 1.42 


Myocardial Water 
Content 
p Yalue (mL H:O/gm dw) p Value 

— 4.37 + 0.07 - — 

* ' 4.14 + 0.04 ji 

* 4,36 + 0.01 NS 
tof 4.24 + 0.04 NS 
NS 4.23 + 0.03 NS 
Ep 4.30 + 0.07 NS 





* Indicates a significant change from control values at p < 0.01. 
+ Indicates a significant difference from untreated burn at p < 0.01. 


cotic solutions improved survival. In this present study, 
we hypothesized that the mechanisms by which hyper- 
tonic saline dextran may increase the chances for a positive 
outcome after burn injury include (1) hyperosmolar-re- 
lated increases in cardiac contractility and (2) reduced 
myocardial water content, which may enhance suben- 
docardial perfusion. 

The data from this study confirmed previous reports 
from this laboratory that burn shock impairs intrinsic 
cardiac contractile function.”® We have confirmed further 
our previous finding that burn-induced contractile deficits 
persist after apparently adequate crystalloid resuscitation.® 
While several studies have suggested that thermal injury 
reduces cardiac performance, likely due to release of 
myocardial depressant factors," these previous studies 
were limited by the acidosis, sympathoadrenal activation, 
clotting abnormalities, and altered coronary blood flow 
that occur after burn injury. The use of an isolated cor- 
onary perfused heart model®!*-'* eliminated these in vivo 
constraints and allowed us to examine several mechanisms 
responsible for postburn cardiac dysfunction. 

Our finding of intrinsic contractile depression after burn 
shock was supported by a significant reduction in all in- 
dices of left ventricular contraction and relaxation. Con- 
tractile performance improved in all hearts as intraven- 


NS, not significant. 


tricular volume was increased, confirming that isolated 
hearts retained Frank-Starling mechanisms, regardless of 
burn injury or treatment regimen. However burned guinea 
pigs treated with the Parkland formula of crystalloid fluid 
resuscitation showed inotropic dysfunction at maximal 
increases in preload that was identical to that observed in 
hearts from untreated burned animals. We hypothesized 
that the large volume of Ringer’s solution required by the 
Parkland formula may have produced myocardial edema 
and subsequently altered dynamic stiffness of the ventricle. 
However this hypothesis proved untenable because com- 
pliance curves and myocardial water content measured 
in hearts of burned animals resuscitated with the Parkland 
formula were identical to values measured in sham burn 
controls. l 

While previous studies showed that the beneficial effects 
of hypertonic saline-dextran were dissipated 30 to 40 
minutes after administration of the solution,”!° our data 
confirmed enhanced cardiac performance 24 hours after 
hyperoncotic resuscitation of burn injury. The authors 
chose to study in vitro cardiac responses at 24 hours after 
burn because our previous work showed that contractile 
depression is maximal at this time.” The authors consid- 
ered several mechanisms by which hypertonic solutions 
improved postburn cardiac contractile function. Previous 


TABLE 5. Serum Electrolyte Response to Burn Injury and Fluid Resuscitation 


1 Hour After Burn 24 Hours After Burn 
Burn+ Burn+ Burn+ Burn+ Burn+ Burn+ 
HSD+ HSD+ HSD+ HSD+ HSD+ HSD+ 
Sham Burn l1mL LR 2mL LR 4mLLR Sham Burn {mL LR 2mL LR 4mLLIR 
(n = 10) (n = 6) (n = 6) (n = 6) (n = 10) ` (n = 11) (n = 10) {n = 10) 
*Na* 144.9 + 1.4 162.8 + 3.1 160.5 + 9.8 203.1 + 13.9 144.9 + 1.4 141.7 + 2.1 142.1 + 1.2 146.9 + 2.5 
p value NS 0.005 0.05 0.005 NS NS NS NS 
*K+ 6.2 + 0.02 10.6 + 0.6 10.9+0.8 10.0 + 0.3 6.3+0.1 6.4 + 0.4 6.6 + 0.5 7.6 + 0.5 
p value S 0.01 0.005 0.01 NS NS NS NS 
aog 112.3 + 0.3 128.9 + 3.2 130.0 + 0.9 160.5 + 10.5 112.6 + 1.0 108.0 + 1.6 110.4 + 1.2 114.1 + 1.9 
p value NS 0.005 0.005 0.005 NS NS NS NS 


All values are mean + SEM. Na, sodium; K, potassium; Cl, chloride; 


* indicates electrolyte concentration in mEq/L. HSD, hypertonic saline 


dextran given as a 4 mL/kg bolus; LR, lactated Ringer’s solution given 
as 1, 2, or 4 mL/kg/% burn. 
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studies by Kramer and colleagues? and Holcroft and 
associates!’ showed that an initial bolus of hypertonic sa- 
line-dextran significantly increased mean arterial blood 
pressure and cardiac output, a hemodynamic effect that 
was sustained from 30 to 40 minutes. Therefore it was 
expected that hyperosmolar fluid resuscitation of burn 
injuries would reverse burn-mediated hypotension in our 
study, increasing cardiac output and coronary perfusion. 
In this situation increased oxygen delivery to peripheral 
tissue would likely prevent the release of myocardial de- 
pressant factors, reducing subsequent damage to the car- 
diac contractile proteins. However our in vivo data showed 
that hypotension and a significant fall in heart rate were 
similar in all burned guinea pigs, regardless of the regimen 
of fluid resuscitation after burn. Hypotension and pre- 
sumably reduced peripheral perfusion were documented 
at 1, 6, 8, and 24 hours after burn, indicating that en- 
hanced cardiac performance 24 hours after burn was not 
related to improved mean arterial pressure. 

Another beneficial effect of hypertonic saline-dextran 
was expected to be expansion of plasma volume secondary 
to mobilization of water from the intracellular and extra- 
cellular space. We estimated that the measured decrease 
in hemoglobin after lactated Ringer’s resuscitation alone 
- would be related to a 19% increase in plasma volume. In 
contrast hypertonic saline-dextran plus the Parkland for- 
mula increased plasma volume 41%, while a reduced vol- 
ume of lactated Ringer’s solution (2 and 1 mL/kg/% burn) 
plus hypertonic saline-dextran increased plasma volume 
28% and 9%, respectively. It was interesting that the fluid 
regimen that was most effective in maintaining cardiac 
contractile performance, (hypertonic saline-dextran plus 
1 mL/kg/% burn of lactated Ringer’s solution) produced 


the least change in plasma volume or packed cell volume. 


. when compared to sham burn controls. Thus it appears 
that the improved contractile function after hypertonic 
resuscitation was not related solely to a shift of fluid from 
the intracellular and extracellular compartments and 
subsequent expansion of the vascular volume. 

Previous studies have attributed the beneficial effects 
of hypertonic solutions to vagal plumonary reflexes that 
constrict venous capacitance vessels concommitant with 
dilitation of peripheral resistance vessels,- a direct effect 
of hypertonicity on vascular smooth muscle or alterna- 
tively autonomic reflexes that alter heart rate and mean 
arterial pressure.) However we showed increased left 
ventricular pressure and +dP/dt responses 24 hours after 
hypertonic resusciation of burn injury, using an isolated 
deenervated heart model. The enhanced cardiac perfor- 
mance, in an environment free of neurohumoral con- 
straints, suggests a direct effect of hyperosmotic agents-on 
cardiac muscle. 

A recent study by Beyer and sdlleasucs suggested that 
hypertonic solutions altered transmembrane calcium 
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transport, enhancing cardiac contractile performance. In 
their study hypertonic perfusion of guinea pig atria har- 
vested from normotensive, normovolemic animals in- 
creased *Ca uptake." We speculated that cellular dehy- 
dration and increased serum sodium levels after hyper- 
tonic saline dextran resuscitation from burn injury 
promoted a significant rise in intracellular sodium con- 
centration. The enhanced cellular sodium loading could 


promote sodium-calcium exchange, increasing calcium: 


ion availability for contractile activation. In our study 
millimolar calcium concentrations/kg wet weight myo- 
cardium tended to be higher after hypertonic saline-dex- 
tran resuscitation, but these differences failed to achieve 
statistical significance. Normalization of the myocardial 
calcium content for dry weight showed a significantly el- 
evated calcium content in hearts from HSD-treated burn 
animals. Our data suggest that the hyperosmotic-induced 
decrease in cell water content promoted sodium-calcium 
exchange and calcium-mediated enhancement of cardiac 
contractility. The effects of hyperosmotic fluid resuscita- 
tion on calcium homeostasis warrant further study. 

In summary hypertonic saline-dextran given as a 4- 
mL/kg bolus plus lactated Ringer’s solution given as 1 
mL/kg/% burn was effective fluid resuscitation for main- 
taining normal cardiac function. Weight gain and mor- 


tality rate were similar with all regimens of fluid resus- - 


citation, except in that group given hypertonic saline-dex- 
tran plus the full Parkland formula (4 mL/kg/% burn). 
The exchange of myocardial calcium with *Ca suggest 
that enhanced cardiac contractile function after hyper- 
tonic resuscitation of burn injury may be related to in- 
creased cellular calctum. 
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Platelet Activating Factor Receptor Antagonist 
Improves Survival and Attenuates Eicosanoid 
Release in Severe Endotoxemia 





J. RAYMOND FLETCHER, M.D., PH.D., A. GERALD DISIMONE, B.S., and MARK A. EARNEST, B.S. 


Exogenous platelet activating factor (PAF) causes hypotension, 
plasma extravasation, metabolic acidosis, and death. These ef- 
fects are similar to those of endotoxin as well as the eicosanoids. 
A specific PAF receptor antagonist, BN52021, was used to de- 
termine its effects on the hemodynamic events, the eicosanoid 
production, and on survival in severe rat endotoxemia. Endotoxin 
alone significantly produced hypotension, prostaglandins (TxB2, 
PGE.) release, and death. In contrast pretreatment with 
BN520721, a specific PAF receptor antagonist, significantly al- 
tered the hypotension, significantly attenuated the eicosanoid 
release, and improved the survival rate (p < 0.01). These findings 
suggest that PAF receptor activation is an early event in endo- 
toxemia. Eicosanoid release in endotoxemia could be related to 
PAF synthesis and PAF receptor activation. These findings sup- 
port the hypothesis that there may be an intimate relationship 
between PAF and the eicosanoids and that in endotoxemia some 
of the effects of PAF may be mediated via the cyclo-oxygenase 
pathway. 


EPSIS CONTINUES TO BE a significant clinical prob- 

lem after trauma or elective surgery. The morbidity 

and mortality rates remain increased despite ag- 
gressive surgical treatment, antibiotics, and pharmacologic 
intervention.'* The basic mechanisms of cellular injury 
are related to the elaboration and release of mediators; 
however their interrelationships remain unknown. One 
proinflammatory mediator that imitates many of these 
effects is the ether-phospholipid, platelet activating factor 
(PAF).? PAF is released from leukocytes, platelets,* kid- 
neys, lungs,’ and endothelium’ after physiologic stimulus 
or agents, such as endotoxin, that injure the cell.4 PAF is 
released in gram-negative sepsis and in endotoxemia.’ 
The potential importance of PAF in mediating events in 
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endotoxin or sepsis is that exogenous PAF in animals 
causes decreased peripheral resistance,!° systemic hypo- 
tension,”!! pulmonary artery hypertension,'*'? plasma 
extravasation,'*!° and death.”'© PAF receptor antagonists 
attenuate many of the events that are observed in endo- 
toxemia in animals and significantly improve the survival 
rate.” 

The infusion of PAF into isolated organ systems and 
whole animals!®!® induces changes that are similar to 
those observed with endotoxin and similar to the reported 
effects of the eicosanoids.” Because PAF and arachidonic 
acid release follows phospholipase A, activation in early 
cell injury,*! and phospholipase A, values are increased 
in gram-negative sepsis, we hypothesized that an inti- 
mate relationship between PAF and the eicosanoids may 
exist in endotoxemia. The purposes of the present inves- 
tigation were to determine the effects of a specific PAF 
receptor antagonist, BN52021, on the hemodynamic 
events and survival in rat endotoxemia, and to evaluate 
the effects, if any, of the PAF receptor antagonist on ei- 
cosanoid production in endotoxemia. 


Methods 


Male Sprague-Dawley rats (250 to 300 g) (Charles River 
Laboratories) were stabilized from 2 to 4 days before ex- 
perimentation. They were maintained in a 12-hour light- 
dark sequence and allowed water and antibiotic-free chow 
ad libitum. On the day of the experiment, animals were 
placed in individual cages. Each animal was lightly anes- 
thetized with halothane/oxygen mixture, had an anterior 
neck incision, followed by insertion of catheters (PE50) 
into the left carotid artery and left jugular vein. Catheters 
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were flushed with heparinized saline, tunneled to the dor- 
sal neck of the rat, and secured. The jugular vein catheter 
was used for injections of saline or pharmacologic agents. 
Rats were allowed to recover from the effects of anesthesia 
for at least 1 hour before baseline parameters were mea- 
sured. At the completion of the experiments, animals were 
killed. 

Hemodynamic measurements were obtained by con- 
necting the carotid catheters to a Gould Brush physiograph 
(RS2300) via a PE23 transducer (Statham, Oxnard, CA). 
Thromboxane and PGE, were measured in plasma spec- 
imens collected at baseline, then at 5, 30, 60, and 120 
minutes after endotoxin in coincidence with hemody- 
namic measurements. Analyses were performed by ra- 
dioimmunoassay. Cross reactivity of the antibodies is less 
than 3% with other eicosanoid metabolites. Radiolabeled 
TxB, and PGE, were obtained from New England Nuclear 
(Boston, MA). Authentic eicosanoids TxB, and PGE, were 
supplied by Dr. John Pike (Upjohn Co., Kalamazoo, MI). 
E. coli endotoxin (055:B5, Difco Laboratories, Detroit, 
MI) was reconstituted in saline (10 mg/mL) on the day 
of the experiment. The PAF receptor antagonist, 
BN52021,‘was provided by Dr. Pierre Braquet, Institut 
Henri Beaufour, Le Plessis Robinson, France. BN52021 
was diluted in a phosphate solution (pH 7.3) on the day 
of the experiment (10 mg/mL). 


Experimental Design 


All experiments were performed in the American As- 
sociation for Accredidation for Laboratory Animal Care- 
approved facility and according to the National Institutes 
of Health guidelines for animal use. Rats for hemody- 
namic and eicosanoid measurements were studied in in- 
dividual cages. Indwelling catheters were flushed with 
sterile heparinized saline. There was a 30-minute (—30 to 


© minutes) basal period and a 2-hour (0 to 120 minutes)- 


experimental period during which hemodynamic mea- 
surements were recorded continuously. These consisted 
of measurements of heart rate and mean arterial pressure 
(MAP). At time 0, the animals received an I.V. bolus 
injection of endotoxin. In studies in which the effect of 
PAF antagonists were examined, the antagonists were 
given at specified time points before the time 0 minute. 
For the survival studies, male rats were randomized 
into two groups. Group 1 (n = 10) and group 2 (n = 13) 
received Æ. coli endotoxin (20 mg/kg) IP at time 0 minute. 
Group | animals received diluent (0.5 mL) for the 


~BN52021 subcutaneously at t = —30 minutes, whereas 


group 2 animals received BN52021 (25 mg/kg) subcuta- 
neously at t = —30 minute. The animals had free access 
to food and water. Survival rates were determined at 24, 
48, and 72 hours. Permanent survival was determined at 
72 hours and is reported as a percentage. 
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The animals for hemodynamic and eicosanoid mea- 
surements were randomized into two groups after catheter 
insertion: group 3 (n = 5) received the diluent of BN52021 


` att = —30 minute I.V., then E. coli endotoxin (20 mg/ 


kg) I.V. at t = 0 minutes, whereas group 4 (n = 5) received 
BN52021 (5 mg/kg, I.V.) at t = —30 minutes, then the 
E. coli endotoxin (20 mg/kg) I.V. at t = 0 minutes. Blood 
samples for eicosanoid analysis were collected in hepa- 
rinized tubes containing indomethacin (100 ug), the blood 
was centrifuged, and the plasma was removed and stored 
at —80 C until assayed. For each milliliter of blood re- 
moved, | mL of 0.9% saline was returned to the animal 
via the arterial catheter. After completion of the experi- 
ment, the animals were killed. 

The selection of doses of endotoxin were determined 
with dose-response studies in our laboratory. Control 
studies in animals not given endotoxin were performed 
in rats with the following groups: anesthesia alone (n = 4); 
anesthesia plus incision and ligation of vessels (n = 5); 
anesthesia, incision, catheter placement, and vehicle ad- 
ministration (saline) for the endotoxin studies (n = 5); 
and the diluent for the BN52021 studies (n = 5). None 
of the perturbations had any significant effect on either 
the hemodynamic or eicosanoid changes and thus were 
not included. 

Data analysis was accomplished using paired t tests for 
values within the same group, and ANOVA was used for 
comparison of values between the groups. Differences in 
survival were determined by the chi square method. A p 
value less than 0.05 was considered significant. 


l Results 

Endotoxin-induced hypotension in conscious cathe- 
terized. rats is shown in Table 1. Endotoxin alone signif- 
icantly decreased the MAP for each observation point 
when compared with the baseline value. With BN52021 
pretreatment, MAP values were better maintained 
throughout the study. Only at the 120-minute time point 
was there a significant (p < 0.05) MAP difference in the 
BN52021 group when compared with the endotoxin-alone 
group. There were no significant differences in the ob- 
served heart rates from the baseline in either group or 
between the groups at any observation point during the 
study (data not included). 

The effects of the PAF receptor antagonist, BN52021, 
on eicosanoid synthesis/release in endotoxemia are seen 
in Table 2, Endotoxin alone significantly increased the 
production of TxB, and PGE, as early as 5 minutes after 
endotoxin. Peak values for TxB, occurred at 60 minutes 
after endotoxin, whereas the peak values for PGE, oc- 
curred 5 minutes after endotoxin (Table 2). Pretreatment 
with BN52021 significantly attenuated the synthesis and, 
or release of TxB, and PGE, after endotoxin at least for 
60 minutes. 
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TABLE 1. Effects of Endotoxin on Mean Arterial 
Pressure with and Without BN52021 


Time (minutes) 


Group 0 5 30 50 120 
EN 112+7 88+3* 90+43* 81 + 4% 74+ 7* 
BN+EN 110+5 90+8 9445 95+5 100 + 4f 


Mean + SE, n = 5; torr. 

* p < 0.05, significant from base. 

+ p < 0.05, significant from endotoxin alone. 

EN, endotoxin alone; BN + EN, PAF receptor antagonist BN52021 
plus EN. 


BN52021 pretreatment significantly (p < 0.01) im- 
proved the permanent survival (11 of 13 animals, 85%) 
when compared with the survival in endotoxin alone (2 
of 10 animals, 20%). 


Discussion 


In this experiment the endotoxin caused a gradual de- 
cline in mean arterial pressures, significantly increased 
the plasma eicosanoids, and produced a significant rate 
of mortality. Pretreatment with the PAF receptor antag- 
onist, BN52021, significantly attenuated the fall in mean 
arterial pressure, the increase in the plasma eicosanoids, 
and improved the permanent survival. 

The effects of endotoxin on the hemodynamic events, 
eicosanoid production, and on survival in this study are 
similar to those reported by others.7!-*? That PAF receptor 
antagonists improve the hemodynamic events and sur- 
vival in endotoxemia as seen in this investigation is in 
accord with other reports'”**?° and suggests that PAF may 
play an important role in the pathophysiology of this en- 
tity. The exact role of PAF on the complex cardiovascular 
events in endotoxemia is unclear. Exogenous PAF de- 
creases the peripheral vascular resistance,'° as well as in- 


FLETCHER, DISIMONE, AND EARNEST 


Ann. Surg. » March 1990 


creases plasma extravasation!’ and could be responsible 
for the hemodynamic changes observed in this study. Ad- 
ditional studies are needed to better define the mecha- 
nisms by which BN52021 had these effects. The PAF re- 
ceptor antagonist BN52021 may have other unknown 
qualities that could alter eicosanoid synthesis or release. 

The rationale for evaluating the effects of a PAF recep- 
tor antagonist on the eicosanoid metabolites was that sev- 
eral of the effects of exogenous PAF in animals are similar 
to those documented for the eicosanoids.’ Interestingly 
acute circulatory collapse in dogs induced by exogenous 
PAF is associated with significantly increased plasma val- 
ues of TxB, and 6-keto-PGFla.'® These authors suggest 
that exogenous PAF stimulates the arachidonic acid cas- 
cade via platelet aggregation and the release reaction. The 
effects of PAF on coronary artery blood flow have been 
related to the release of TxB2.7°”’ Pulmonary arterial hy- 
pertension and increased vascular permeability in the lung 
induced by exogenous PAF may be caused by a cyclo- 
oxygenase-dependent and a cyclo-oxygenase-independent 
(permeability) mechanism.'>!> Recently the injection of 
PAF into an isolated gastric perfusion model significantly 
increased the leukotrienes, in addition to 6-keto-PGFla 
and TxB,. Cyclo-oxygenase inhibition and inhibitors of 
leukotriene synthesis did not significantly alter the PAF- 
induced vasoconstriction; however the specific PAF re- 
ceptor antagonist, BN52021, attenuated the flow reduc- 
tion caused by PAF. These authors further demonstrated 
that BN52021 significantly inhibited PAF-induced eicos- 
anoid release in their in vitro model.” 

That an intimate relationship exists between PAF and 
eicosanoid synthesis after endotoxin in rats is supported 
by the unexpected finding in this study that a PAF receptor 
antagonist, BN52021, significantly attenuated the plasma 
concentrations of the eicosanoids TxB, and PGE). Al- 
though there are no reports in endotoxemia that indicate 
that PAF receptor blockade attenuates eicosanoid release, 


TABLE 2. Effects of Endotoxin on TxB; or PGE; Synthesis/Release with and Without BN5202] 


Time (minutes) 


Group 0 5 30 60 120 
TxB, 
EN 424 + 56 . 9€9 + 22*+ 1165 + 299*ł 1561 + 146*§ 1256 + 333* 
BN+EN 368 + 88 340 + 67 437 + 106 388 + 23 734 + 93* 
PGE, 
EN 27.3 + 6.0 100 + 32*+ 84 + 15*+ 92 + 14*§ 357 
BN+EN 24.2 + 4,7 24244 3247 1442 2044 
pg/mL mean + SEM; n = 5 per observation. Il p < 0.005. 
* p < 0.001 ys. baseline. § p < 0.001. 


Tp < 0.05. 
ł p < 0.025, 


EN, endotoxin alone; BN + EN, PAF receptor antagonist BN52021 
plus EN. 


net 
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there are several relevant reports about the biochemical 


_ relationships of PAF to the eicosanoids. 


Albert and Snyder”? indicate that a phospholipid, 1- 
alkyl-2-acyl-6PC, exists in the cell membrane and is a 
precursor of both PAF and arachidonic acid metabolites 
in human platelets,” rat” and rabbit?! alveolar macro- 
phages, peritoneal macrophages from guinea pigs, and 
rabbit neutrophils.** Chilton et al.” demonstrated in vitro 
the release of arachidonate from cellular phospholipids 
in cytochalasin B-treated rabbit polymorphonuclear leu- 
kocytes. The phospholipid sources of the arachidonate 
were phosphatidyl-inositol and phosphatidyl choline 
(about 50% from each). Interestingly the PAF-stimulated 
production of arachidonate metabolites and the degran- 
ulation response were blocked by eicosatetraenoic acids 
and nordihydroquaiaretic acid (lipooxygenase inhibitors). 
These investigators imply that the bioactions of PAF on 
polymorphonuclear leukocytes may be mediated, in part, 
by the release of arachidonic acid resulting in production 
of mono- and dihydroxy-eicosatetraenoic acids (5 HETE; 
LTB,). In additional experiments they demonstrated that 
the metabolic fate of PAF included an incorporation of 
arachidonate in rabbit and human PMNs; in human 
PMN, 75% to 80% of the added PAF is reacylated with 
arachidonate.***> The most recent report indicates that 
PAF precursors (1-0-alkyl-2-arachidonyl-GPC) are a 
common source of both PAF and arahidonate through 
the action of phospholipase A>.*° 

In support of the in vitro findings of Chilton et al.,*° 
Haroldsen et al.” demonstrated, in the intact lung, that 
20% to 23% of the administered PAF resulted in 1-0- 
hexadecy]-2-arachidonyl-GPC. These data support the 
hypothesis that a relationship between PAF and arachi- 
donate metabolism exist in the intact organ. 

The preceding information suggests that exogenous 
PAF elicits the production of both the lipooxygenase and 
the cyclo-oxygenase products presumably from arachi- 
donic acid. In some instances the effects of PAF are dose- 
dependent, and some of the effects of PAF are mediated 
via the effects of the eicosanoid metabolites. The funda- 
mental cellular interrelationships are less certain. When 
cellular injury occurs (by many mechanisms), phospho- 
lipase A; is activated;!° therefore the potential for simul- 
taneous release of arachidonate (fatty acids) and PAF is 
present. The studies by Chilton??? and Haroldsen*’ in- 
dicate that PAF precursors may be partly responsible for 
a portion of the arachidonate released in vitro and in vivo 
and suggest that there is a very intimate relationship be- 
tween the two. Additional studies are needed to determine 
the definitive relationships of these potent proinflam- 
matory mediators. 

The findings of the present study suggest that PAF re- 
ceptor activation occurs after endotoxemia and that its 
activation is related to the eicosanoid synthesis. Further- 
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more the improvement in survival in severe rat endotox- 
emia when a PAF receptor antagonist is used indicates a 
role for PAF in the pathophysiology of this entity. The 
fact that a specific PAF receptor antagonist attenuated the 
eicosanoid release after endotoxin administration was 
unexpected and suggests that these agents could help elu- 
cidate the fundamental cellular mechanisms that are crit- 
ical in the early events in endotoxemia. 
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Antiplatelet Treatment Prolongs Survival After 
Carotid Bifurcation Endarterectomy 
Analysis of the Clinical Series Followed by a Controlled Trial 





GEORG KRETSCHMER, M.D., THOMAS PRATSCHNER, M.D., MANFRED PRAGER, M.D., ETIENNE WENZL, M.D., 
' PETER POLTERAUER, M.D., M. SCHEMPER, PH.D., HERBERT EHRINGER, M.D.,* and ERICH MINAR, M.D.* 


To examine the role of antiplatelet drugs in the secondary pre- 
vention of arteriosclerotic arterial disease following carotid end- 
arterectomy, a clinical series (n = 252) was analyzed. Based on 
these results a prospective randomized trial was initiated, com- 
paring the effect of antiplatelet drugs (acetyl-salicylic acid [ASA] 
1000 mg/day) versus untreated controls. In both investigations 
patient survival was the primary end point. A cardiac risk (n 
= 91) implied a significant reduction in patient survival (p 
< 0.019 Breslow, p < 0.052 Mantel). Antiaggregating drugs 
prolonged survival in the collective series (p < 0.0001 Breslow, 
p < 0.0002 Mantel) and in the subgroup of patients with cardiac 
risk (p < 0.014 Breslow, p < 0.020 Mantel) as well. In the pro- 
spective trial 66 patients were recruited, receiving ASA (n = 32) 
versus no therapy (n = 34). During follow-up 15 patients died, 
4 in the treatment, and 11 in the control group. Between both 
groups there was a significant difference in the probability of 
survival (p < 0.021 Breslow, p < 0.048 Mantel). 


venting events of arteriosclerotic arterial disease 

has been studied recently.! The value of platelet 
function-stabilizing agents in the prevention of myocardial 
infarction has been investigated by two major randomized 
placebo-controlled trials involving physicians in the 
United States* and Great Britain.? However the results 
are controversial. In the natural course of peripheral ar- 
terial occlusive disease (PAOD), more than 50% of patients 
succumb to cardiac complications,*” a risk that is partic- 
ularly evident in patients with lesions of the carotid bi- 
furcation that have progressed to a degree requiring sur- 
gical intervention.® Carotid lesions of this kind virtually 
herald the presence of concomitant coronary disease.’ This 
observation stimulated the hypothesis that survival after 
carotid thrombendarterectomy (TEA) is possibly pro- 
longed if cardiac events are prevented by means of platelet 
function inhibitors. 


T HE EFFECTIVENESS OF antiplatelet drugs in pre- 
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From the First Clinic of Surgery and Angiology Unit" at the 
First Clinic of Medicine, University of Vienna, Vienna, Austria 


Based on these reflections we have analyzed our clinical 
series and, in view of the results, we subsequently initiated 
a controlled clinical trial, investigating the effect of acetyl- 
salicylic acid (ASA) on patient survival. 


Patients and Methods 


Altogether 252 patients with lesions of carotid bifur- 
cation, in whom elective surgery was considered to be 
indicated, were eligible for analysis. One hundred thirteen 
were asymptomatic, whereas 139 had experienced one or 
more transient ischemic attacks. Preoperative clinical sta- 
tus was assessed according to clinical neurologic investi- 
gation. 

The operative procedure was a typical TEA of the 
carotid bifurcation under general anaesthesia without ce- 
rebral protection by an intraluminal shunt. The arteri- 
otomy was closed with direct suture. Ultrasound ex- 
aminations were used to monitor patency of the endar- 
terectomized vessel. 

Perioperative management foresaw a daily dosage of 
up to 1.5 g of ASA in 118 patients, or no antiaggregating 
medication at all (N = 134). Regular postoperative control 
examinations were carried out on an out-patient basis, 
with intervals of 3 months initially, and of 6 months in 
the long-term. Particular attention was directed to check- 
ing and warranting reliable consumption of aggregation 
inhibitors. In general, therapy was continued for more 
than | year, or until the patient’s death. In 91 patients a 
particular cardiac risk could be identified conclusively as 
a history of pre-existent myocardial infarction or as signs 
of ischemic myocardiopathy. 

The prospective trial was initiated in 1982. Until No- 
vember 1985 a total of 66 patients had undergone carotid 
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endarterectomy and were assigned either to the therapy 
group (n = 32) starting on 1000 mg ASA 2 days before 
surgery, or the control group (n = 34), which received no 
antiaggregating medication. The functional results were 
assessed with ultrasound investigations on days 3, 7, and 
14 after surgery and in monthly and sudsequent 3-month 
intervals. Beyond the first postoperative year the intervals 
were prolonged to 6-monthly follow-up appointments. 

Disregarding local findings, the probability of patient 
survival was chosen as the primary end point for evalu- 
ation of this series. The final assessment of the participants’ 
survival status was made by the end of 1988. 

Standard laboratory tests were used to assess hyper- 
cholesterinemia and hyperlipidemia. 


Statistical Methods 


Information concerning courses of disease and details 
of therapeutic procedures were obtained using the docu- 
mentation system of the Austrian Vascular Surgical So- 
ciety (180 variables per surgical procedure, more than 
8000 operations stored since 1965). For the purpose of 
the present investigation the system was modified to allow 
discrimination between patients of the analysis from those 
participating in the prospective trial. Statistical procedures 
were carried out with the IBM 4381 computer of the 
Medical Faculty of the University of Vienna. 
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For data storage and retrieval, SAS-software that also 
facilitated scheduling and organization of follow-up ap- 
pointments and out-patient examinations was used.® 
BMDP-1L software allowed us to assess probabilities of 
survival.? Within the prospective clinical trial, patients 
were assigned to either group by means of adaptive ran- 
domization.!° Prognostic factors that were accounted for 
included patient sex, age, history of diabetes mellitus and/ 
or hypertension, smoking habits, and preoperative clinical 
staging. 

Survival curves were estimated according to the Kap- 
lan—Meier method,'! and possible statistical differences 
were calculated with the tests of Breslow’? and Mantel!’ 
in a bitailed mode (2p). The graphic design of Kaplan- 
Meier curves followed the recommendations established 
by the Ad Hoc Committee on reporting standards of the 
Society for Vascular Surgery and the North American 
Chapter of the International Society for Cardiovascular 
Surgery. !4 

The most recent information regarding the state of sur- 
vival was conveyed through the Austrian Central Statis- 
tical Office and transferred to the computer by electro- 
magnetic tape. The national law of compulsory registra- 
tion warrants that the present investigations are based on 
reliable data. . 

In three patients the therapy was discontinued ‘due to 
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TABLE 1. Analysis of the Clinical Series; Causes of Death in the 
Subgroup of Patients with Cardiac Risk as Defined in the Text; 
Influence of Postoperative Treatment 


Causes of Death Treatment No Treatment 
Cardiac 0 9 
Cerebral l I 
Other (diabetes, cirrhosis, unknown) 2 6 


gastrointestinal intolerance. For evaluation these patients 
remained in the group to which they had been originally 
assigned (i.e., intention to treat principle). 


Results 
Clinical Series 


The presence of a cardiac condition, as previously de- 
fined, produced a statistically significant reduction in the 
probability of: survival (p < 0.019 Breslow, p < 0.052 
Mantel; Fig. 1). But survival was prolonged by antiaggre- 
gating medication in the collective series (p < 0.0001 
Breslow, p < 0.0002 Mantel; Fig. 2) as well as in the par- 
ticular subgroup of patients with cardiac risks (p < 0.014 
Breslow, p < 0.020 Mantel; Fig. 3). Throughout there 
were more fatal cardiac complications than cerebral causes 
of death. Aggregation-inhibiting therapy effectively re- 
duced the incidence of cardiac deaths, thereby obviously 
prolonging patient survival time (Table 1. 


Prospective Trial 


The various risk factors were evenly distributed among 
the 66 patients recruited for the trial (Table 2). During 
follow-up 15 patients died, 4 in the treatment group and 
11 in the untreated group. Both groups differed signifi- 
cantly in the probability of survival (p < 0.021 Breslow, 
p < 0.048 Mantel; Fig. 4). 

Although surgery was performed under antiaggregating 
therapy in one group, there was no difference in the fre- 
quency of local hematomas (ASA: 3 of 32 patients, con- 
trols: 3 of 34 patients). Postoperative central neurologic 
deficits were also equally balanced between both groups 
(ASA: 1 of 32 patients; controls: 2 of 34 patients). 


Discussion 


The present investigation’s object was to evaluate the 
effect of platelet inhibitors in the secondary prevention 
shown in patients with PAOD after surgery. The initial 
information derived from an analysis of our patients was 
reproduced in a randomized clinical trial. In both studies, 
retrospective and prospective, patient death was the pri- 
mary endpoint, a criterion beyond any doubts. 
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With respect to various risk factors, both groups (ther- 
apy and controls) proved perfectly comparable when en- 
tering the clinical trial. 

Because no arm of the study was intended for placebo 
control, side-effects of the medication cannot be assessed. 

For 30 years TEA of the carotid bifurcation is being 
done with the conviction that the operation eventually 
reduces the risk of cerebral stroke.!>:!® Indeed the prom- 
ising results of carotid surgery, reported over the past years, 
appear to confirm the issue. To obtain and preserve an 
acceptable standard, neither the rate of perioperative neu- 
rologic deficits nor the mortality rate should rise above 
5%,'° a limit that was not exceeded in our own clinical 
series. 1” 

So far no study has proved that carotid endarterectomy 
combined with medication is superior to pharmacother- 
apy only. TEA of the carotid bifurcation alone cannot 
prolong patient survival. On the other hand it is unlikely 
that epidemiologic data, concerning the natural course of 
disease in patients with symptomatic carotid lesions, will 
become available. Altogether these facts suggest that pres- 
ently there is no conclusive information to prove the value 
of operative therapy.!° 


TABLE 2. The Prospective Trial: Balancing of Risk Factors 
in the Treatment Group (TG) Versus the Control Group (0) 


TG 0 
Variables (n= 32) (n= 34) 

Sex 

Male 24 23 

Female 8 [1 
Age 

<55 years 5 4 

55-65 years 12 14 

>65 years l 15 16 
Blood Pressure , 

<160/90 mmHg 20 21 

> 160/90 mmHg 12 13 
Diabetic State 

Nondiabetic 20 20 

Diabetes 9 14 

Insulin-dependent 3. 0 
Hyperlipidemia and/or Hypercholesterinemia 

Yes 17 18 

No 1S 16 
Smoking Habits 

Nonsmokers 16 16 

Less than 10 cigarettes/day 3 4 

More than 10 cigarettes/day 13 (14 
Clinical Status Before Surgery 

Asymptomatic 12 13 

Transient ischaemic attack 20 21 
Cardiac Pathology 

Nil 13 15 

Arrhythmia 3 3 

Ischaemic myocardiopathy 2 p 

Myocardial infarction 5 5 

Other 3 3 

Combination 6 6 
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months 


Fic. 4. Carotid endarterectomy; the prospective trial probability of patient survival; Kaplan-Meier estimates, therapy group versus untreated controls; 


the numbers above or below the curves show the patients at risk. 


However the analysis of secondary studies’ discloses 
the positive effect of aggregation inhibitors in the second- 
ary prevention of AOD. If we set out to compare studies 
such as those from the ESPS,'* the UK-TIA,!’ and the 
PARIS Il-trial,” certain differences amorg the results be- 
come obvious, probably depending on the criteria for in- 
clusion of patients and evaluation of results. 

The present analyses were intended to examine 
whether, in patients with PAOD requir-ng surgery and 
restitution of the carotid lumen, the surv_val rate may be 
influenced by postoperative medication. It is tempting to 
assume that, in high-risk patients of this knd, the cerebral 
prognosis is improved by TEA of the carotid bifurcation,!® 
while cardiac complications are successfully prevented by 
stabilizing platelet function. 

Cardiac events constitute the factor taat actually de- 
termines the fate of patients after carotid TEA.°??!~?? In 
this context the investigation of a relatively small series 
from one center could demonstrate a positive effect of 
medication on one undisputable criterioa of evaluation, 
the postoperative survival of patients. Ger.erally this result 
is in accord with the findings of various s-udies (reviewed 
in reference 1) that have evaluated the role of platelet- 
function inhibitors. 


11. 


12. 
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- Reduced Amino Acid Transport in Skeletal Muscle 
-© Caused by a Circulating Factor 


During Endotoxemia 





BRAD W. WARNER, M.D., PER-OLOF HASSELGREN, M.D., PH.D., J. HOWARD JAMES, PH.D., 


The present study was designed to determine whether reduced 
amino acid uptake in skeletal muscle during endotoxemia is due 
to associated hypotension or is caused by a factor present in 
plasma. Three series of experiments were performed. In the first 
series of experiments, mean arterial pressure (MAP), heart rate, 
and amino acid uptake in incubated soleus muscles were measured 
after intravenous injection of endotoxin (1 mg/kg) in male 
Sprague-Dawley rats (40 to 60 g). Amino acid transport was 
measured by determining intracellular uptake of PH]-œ-amino- 
isobutyric acid (AIB) during 2 hours of incubation. In the second 
series of experiments, hypotension was induced by bleeding and 
muscle amino acid uptake was measured. In the third series of 
experiments, whole plasma or a low molecular weight fraction 


~ (< 10,000 d) of plasma from endotoxin-injected rats was added 


in vitro to incubated muscles and amino acid uptake was deter- 
mined. One hour after injection of endotoxin, MAP was reduced 
from 80 + 2 mmHg to 54 + 4 mmHg (p < 0.05). AIB uptake 
was reduced by 20% (p < 0.05) 2 hours after endotoxin injection. 


‘When MAP was maintained at 50 mmHg for 1 hour by bleeding, 


no changes in muscle AIB uptake were noted. When plasma 
obtained from rats 2 hours after endotoxin injection was added 
te incubated soleus muscles, AIB uptake was reduced by 22%. 
This effect was duplicated by a fraction of endotoxic plasma 


. containing substances with a molecular weight less than 10,000 


d. The present results suggest that reduced muscle amino acid 
uptake during endotoxemia is not due to associated hypotension, 
but may be caused by a circulating factor(s) with a molecular 
weight less than 10,000 d. 


MINO ACID UPTAKE in skeletal muscle is reduced 
during endotoxemia!? and intra-abdominal 
sepsis,” a phenomenon that may contribute to 
the increased flux of amino acids from periphery to liver 
in these conditions.*° The mediator(s) of reduced muscle 
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amino acid uptake is presently unknown, but recent ev- 
idence suggested that a circulating factor(s) during intra- 
abdominal sepsis is capable of reducing muscle amino 
acid transport because plasma from septic rats, added to 
the medium of incubated muscles, inhibited amino acid 
uptake as early as 30 minutes after the start of the incu- 
bation.*” 

In previous studies Karlstad and Sayeed? demon- 
strated that muscle amino acid transport, measured as 
uptake of [7H]-a-aminoisobutyric acid (AIB), was reduced 
in endotoxemic rats. Injection of endotoxin may be as- 
sociated with hypotension;® thus it is possible that the 
reduced amino acid uptake during endotoxemia reflected 
hemodynamic alterations. Because this mechanism was 
not elucidated in earlier reports,'* the present study was 


designed to determine whether the effect of endotoxemia 


on muscle amino acid transport was due to associated 
hypotension. In addition we tested the hypothesis that 
reduced muscle amino acid uptake during endotoxemia 
is caused by a circulating factor by adding plasma from 
endotoxic rats to incubated muscles. 


Materials and Methods 


Male Sprague-Dawley rats weighing 40 to 60 g were 
used (Zivic-Miller Laboratories, Inc., Zelienople, PA) and 
three series of experiments were performed. In the first 
series of experiments, the effect of intravenous injection 
of endotoxin (lyophilized lipopolysaccharide from E. coli 
0111:B4; Calbiochem, La Jolla, CA; 1 mg/kg) on mean 
arterial pressure (MAP), heart rate (HR), and muscle 
amino acid uptake was recorded. Control animals received 
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a corresponding volume (0.2 mL) of sterile saline intra- 
venously. All injections were made in a tail vein under 
light ether anesthesia. For hemodynamic measurements, 
the right carotid artery was cannulated with a 23-gauge 
intravenous catheter (Critikon, Tampa, FL) under light 
ether anesthesia and MAP and HR were recorded on an 
8-channel chart recorder using a Gould P-23 ID trans- 
ducer (Gould, Inc., Recording Systems Division, Cleve- 
land, OH). MAP was derived electronically through an 
integrator circuit. In the second series of experiments, hy- 
potension was induced in a hemorrhagic shock model 
and muscle amino acid uptake was measured. In the third 
series of experiments, plasma was obtained from rats at 
2 hours after injection of endotoxin and added to the 
medium of incubated muscles from normal, untreated 
rats. Endotoxic plasma was fractionated using different- 
sized molecular weight filters and various plasma fractions 
were tested. 


Induction of Hypotension 


After induction of anesthesia with pentobarbital (40 
mg/kg body weight, ip), animals received a single intra- 
venous injection of heparin (100 units/kg body weight) 
and the right carotid artery was cannulated as described 
above and attached to a 10-mL heparinized syringe serving 
as a shed-blood reservoir. A pressure transducer and re- 
corder were connected to the same catheter with a 3-way 
stopcock for monitoring MAP. Hypotension was induced 
by blood withdrawal until MAP was 50 mmHg. This 
pressure was maintained for 1 hour by further blood 
withdrawal or replacement as needed. At the end of the 
l-hour hypotensive period, the shed blood was replaced 
and MAP was continuously recorded for the next hour. 
Soleus muscles were then removed for the study of amino 
acid uptake (see below). Control animals were anesthe- 
tized, heparinized, and underwent arterial catheterization, 
and MAP was recorded continuously for 2 hours. 


Amino Acid Uptake 


Amino acid uptake was determined in intact incubated 
soleus muscles by measuring the uptake of [*H]-a-ami- 
noisobutyric acid (AIB), a synthetic amino acid analogue 
that is neither metabolized nor incorporated into protein’ 
and predominantly transported by system A.’'! Muscles 
were removed from animals 2 hours after endotoxin in- 
jection (first series of experiments) or 2 hours after in- 
duction of a l-hour hypotensive period (second series of 
experiments). Muscles were placed individually into 25- 
mL Erlenmeyer flasks containing 3 mL of oxygenated 
(O2:CO, = 95:5) Krebs-Henseleit bicarbonate buffer (pH 
7.4) with glucose (5 mM), [?H]-AIB (0.5 uCi/mL, 0.5 
mM), and [!4C]-inulin (0.05 uCi/mL). In the third ex- 
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perimental series, plasma from endotoxin-injected rats 
(0.25 mL) was added to 2.75 mL of medium of one soleus 
muscle and a corresponding volume of unlabeled medium 
was added to 2.75 mL of medium of the contralateral 
muscle. The medium was gassed with O2:CO, (95:5), the 
flask was stoppered, and the incubation was performed 
at 37 C for 2 hours in a shaking water bath. After incu- 
bation, muscles were blotted, weighed, and dissolved in 
I mL of tissue solubilizer (TS-1, Research Products In- 
ternational Corp., Mount Prospect, IL) and 0.1 mL of 
water. Radioactivity of dissolved muscles and media 
samples was measured in a scintillation spectrophotom- 
eter (LKB 1217, Rackbeta, Stockholm, Sweden). Intra- 
celluar AIB was determined from total tissue AIB cor- 
rected for AIB in extracellular volume, measured as [!4C]- 
inulin space as previously described.’ Total tissue water 
was determined in separate experiments from wet and 
dry weights of incubated muscles and was 79% of wet 
weight (n = 14). 


Preparation of Plasma from Endotoxemic Rats 


Two hours after injection of endotoxin, rats were de- 
capitated and blood was collected into chilled heparinized 
beakers and immediately centrifuged. Plasma was pooled 
according to time of collection and stored at —70 C until 
used. When plasma fractions were tested, whole plasma 
was centrifuged (4500¢ for 1 hour) through a Centricon- 
10 filter (Amicon, Danvers, MA). After initial centrifu- 
gation, the remaining plasma above the filter was resus- 
pended in normal saline back to initial volume and was 
recentrifuged. This process was repeated three times to 
ensure that all solutes less than 10,000 d passed through 
the filter. Samples (0.25 mL) of plasma fractions above 
and below the filter were then added to incubated muscles 
as described above for whole plasma. 


Statistics 


Results are presented as mean +SEM. When statistical 
comparisons were made, Student’s t test for unpaired or 
paired differences was used as appropriate. Analysis of 
variance (ANOVA), followed by Tukey’s (HSD) multiple 
range test were applied for comparisons of more than two 
eroups. A p value less than 0.05 was considered significant. 


Results 


Approximately 1 hour after injection of endotoxin, an- 
imals began to show signs of acute illness such as pilo- 
erection, diarrhea, exudate around the eyes, and lethargy. 
At 20 hours after injection, these signs were no longer 
present. No deaths occurred after endotoxin injection. 

In the first series of experiments, MAP was significantly 
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FIG. 1. Effect of a single intravenous injection of either endotoxin (1 mg/ 
kg; open circles) or a corresponding volume of saline (0.2 mL; closed 
circles) on heart rate (HR) and mean arterial pressure (MAP) at various 
time points after injection in separate groups of rats. * Indicates p < 0.05 
vs. control; n = 6 for each group at each time point. 


lower and HR was higher 1 hour after endotoxin injection 
than in control animals (Fig. 1). The endotoxin-injected 
animals remained tachycardic during the rest of the ex- 
periment, but the difference in HR between the two groups 
of rats was not statistically significant 2 hours and 4 hours 
after endotoxin injection. AIB uptake 1n incubated soleus 
muscles was reduced by 20% 2 hours after endotoxin in- 
jection (Fig. 2}. 

MAP in the two groups of rats in the second series of 
experiments is shown in Fig. 3. AIB uptake in incubated 
soleus muscles, removed from rats 2 hours after induction 
of hypotension, was not different from AIB uptake in 
muscles of control rats (Fig. 4). 

The addition of plasma from endotoxin-injected rats 
to incubated soleus muscles resulted in inhibition of AIB 
uptake by 22% (p < 0.01, n = 7 paired muscles), similar 
to the effect of added plasma from septic rats.** When 
the effects of different molecular weight fractions of the 
endotoxic plasma were tested, it was found that the in- 
hibitory effect could be ascribed to the fraction containing 
substances with a molecular weight less than 10,000 d, 
which reduced AIB uptake by 17% (p < 0.01, n = 7 paired 
muscles). No significant inhibition of AIB uptake was 
noted when the fraction of plasma containing molecules 
greater than 10,000 d was added to the muscles. 
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Discussion 


The present study demonstrated that muscle amino acid 
uptake was reduced in endotoxemic rats, confirming pre- 
vious reports by Karlstad and Sayeed.'? Because muscle 
amino acid uptake was unchanged in rats in which an 
even longer period of hypotension was induced by bleed- 
ing than was observed during endotoxemia, it is unlikely 
that the inhibited amino acid transport after injection of 
endotoxin was caused by the associated hemodynamic 
changes. This interpretation is in line with previous studies 
in which skeletal muscle transmembrane potential was 
reduced before the onset of hypotension in a dog endo- 
toxin shock model,!* and low doses of endotoxin produced 
metabolic alterations independent of hemodynamic 
changes. 1° 

Although the present results suggest that the reduced 
AIB uptake during endotoxemia was not caused by as- 
sociated hypotension, interpretation of the data must be 
done with great caution for several reasons. First by com- 
paring Figures 1 and 3, it is obvious that the hypotensive 
episode in the hemorrhagic shock model was not equiv- 


5.0 


4.0 


3.0 


2.0 


AIB DISTRIBUTION RATIO 





ENDOTOXIN 
INJECTION 


FIG. 2. AIB uptake in soleus muscles removed from rats 2 hours after 
injection ofendotoxin (1 mg/kg; hatched bar) or a corresponding volume 
of saline (0.2 mL; open bar): AIB uptake is expressed as the distribution 
ratio of intra- to extracellular AIB. + Indicates p < 0.05 vs. control; n 
= 7 in each group. 
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alent to that observed in endotoxemic rats. However the 
fact that the animals subjected to hemorrhagic hypoten- 
sion had a reduced blood pressure during a longer period 
of time than the endotoxemic rats supports the interpre- 
tation that reduced-muscle amino acid uptake during en- 
dotoxemia was not caused by hypotension. Second, and 
perhaps more important, reduced blood pressure in the 
two experimental series may have been associated. with 
different flows and tissue perfusions. Hemorrhagic hy- 
potension is often associated with increased skeletal mus- 
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Fic. 4. AIB uptake in soleus muscles removed from rats | hour after a 
l-hour period of hypotension (hatched bar) or sham operation (open 
bar). AIB uptake is expressed as the distribution ratio of intra- to extra- 
cellular AIB; n = 8 in each group. 
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FIG. 3. Mean arterial pressure 
(MAP) in rats after blood 
withdrawal and replacement 
after 1 hour (open circles) and 
in control rats (closed circles). 
Values are expressed as mean 
+ SEM (n = 8 rats for each 
group). 
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cle vascular resistance, whereas it may be argued that vas- 
cular dilatation prevails during endotoxemia.'* Recent 
studies demonstrated, however, that skeletal muscle blood 
flow was reduced in septic!> and endotoxemic’® rats. Thus 
it is likely that hypotension was associated with reduced 
muscle blood flow in both our experimental models. 
The present finding that amino acid uptake was reduced 
when plasma from endotoxemic rats was added to incu- 
bated muscles suggests that altered amino acid transport 
during endotoxemia is caused by a circulating factor(s). 
Also, in sepsis, evidence was found that reduced muscle 
amino acid uptake is caused by a factor present in plasma, 
as previously reported in this journal.” Which factor in 
endotoxemic plasma is responsible for reduced muscle 
amino acid transport is not known, but the present results 
suggest that the putative mediator has a molecular weight 
less than 10,000 d. It is not likely that endotoxin itself 
induced inhibition of amino acid uptake because endo- 
toxin alone had no effect on AIB uptake when added in 
vitro to incubated muscles in concentrations up to 200 
ug/mL.*? Whether the factor(s) present in sepsis and en- 
dotoxemia are identical is not yet known. 
Cachectin/tumor necrosis factor (TNF) mediates sev- 
eral metabolic effects of lethal endotoxemia. Plasma levels 
of TNF were markedly elevated after endotoxin admin- 
istration,!’ and infusion of recombinant human TNF to 
rats reproduced many deleterious effects of endotoxin such 
as hypotension, metabolic acidosis, hemoconcentration, 
and death.'* Plasma from patients with critical illnesses 
reduced membrane potential of incubated skeletal mus- 
cles, and this effect was blocked by the addition of TNF 
antibodies.'? Reduced membrane potential in skeletal 
muscle would result in reduced AJB uptake, as system A 
transport is predominantly driven by the Na* electro- 
chemical gradient.? However because the size of TNF is 
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approximately 17,000 d,” it is less likely that this sub- 
stance was présent in the active, low molecular weight 
plasma fraction in this study, although a breakdown 
product is possible as the substance involved. Furthermore 
our laboratory was unable to demonstrate any effect of 
recombinant TNF on AIB uptake when added in vitro to 
incubated muscles.7! 

Another macrophage-derived product implicated to 
mediate several metabolic abnormalities of sepsis and en- 
dotoxemia is interleukin-1 (IL-1)?*”? or its active split 
product, proteolysis-inducing factor (PIF).7* In previous 
studies purified human IL-1 had no effect on amino acid 
transport when added in vitro to incubated muscles.* A 
similar lack of effect was noted when human recombinant 
IL-1 was used.”! Because IL-1 has a molecular weight of 
approximately 15,000 d, it is unlikely that this substance 
was present in the low molecular weight plasma fraction 
in this study. PIF, however, with a molecular weight of 
approximately 4200 d,** could have been present in the 
low molecular weight fraction. It should be noted, how- 
ever, that although PIF has been described to be present 
in plasma of rats with intra-abdominal sepsis and in crit- 
ically ill patients,” it is not known whether this factor is 
present during endotoxemia as well. Also, we have had 
great difficulty in reproducing the findings of increased 


_ protein breakdown induced by a small circulating factor.” 


Other substances proposed to mediate metabolic 
changes during sepsis and endotoxemia include the cat- 
abolic hormones epinephrine, glucagon, and glucocorti- 
coids. Plasma levels of these hormones are elevated during 
trauma and sepsis, and infusion of this combination of 
hormones to normal humans resulted in several metabolic 
alterations characteristic of sepsis, such as hypermetabo- 
lism, negative nitrogen balance, hyperglycemia, and pe- 
ripheral insulin resistance.7°-*8 Each of the catabolic hor- 
mones has a molecular weight considerably less than 
10.000 d and might have been present in the low molec- 
ular weight plasma fraction in this study. Peviously we 
demonstrated reduced muscle amino acid transport when 
epinephrine, glucagon, and corticosterone were added to- 
gether in vitro to the medium of incubated muscles,* In 
contrast infusion of these three hormones in vivo to nor- 
mal rats resulted in increased, rather than decreased, 
muscle amino acid uptake.” Furthermore plasma from 
rats simultaneously infused with epinephrine, glucagon, 
and corticosterone did not reduce amino acid uptake when 
added to incubated muscles (Warner and coworkers, un- 
published observations). Thus the role of catabolic hor- 
mones for reduced muscle amino acid transport in en- 
dotoxemia and sepsis remains unclear. 

It is possible that substances not previously described 
may be responsible for reduced amino acid transport in 
skeletal muscle during endotoxemia. Alternatively this 
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phenomenon may be produced by a combination of the 
above-mentioned factors. Support for that concept was 
provided by the demonstration of an incomplete acute- 
phase response after infusion of recombinant IL-1! or TNF 
individually.” Interaction between the various monokines 
and epinephrine, glucagon, and corticosterone alone or 
in combination may be involved as well because admin- 
istration of both IL-17! and TNF*? were associated witk 
elevated levels of stress hormones. 
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ZORAN B. GERZIC, M.D., PH.D., F.1.C.S., JELENA B. KNEZEVIC, M.D., MIROSLAV N. MILICEVIC, M.D., PH. D., 


The clinical data, technical considerations, early and late post- 


operative complications, and long-term follow-up results of 


esophagocoloplasty in the management of 176 patients with 
postcorrasive stricture of the esophagus are presented. All 176 
colon segments were placed in the isoperistaltic position. Left 
colon transplants were used in 66.47% and the right colon with 
terminal ileum was used in 33.52% of patients. The postoperative 
mortality rate in the entire series was 5.68% In the past 10 years 
the postoperative mortality rate was reduced to 1.96%. Long- 
term follow-up examinations were done for 144 patients 
(81.81%). Excellent results were noted in 87.50%, satisfactory 
results in 10.41%, and poor results in 2.08% of surgically treated 
patients at regular yearly check-ups during a follow-up period 


ranging from I to 24 years after operation. 
| corrosive solutions a severe, intramural, long, or 

multiple stricture of the esophagus will develop.’ Acid 
ingestion results in a higher incidence of stricture for- 
mation than lye ingestion. In such patients instrumental 
dilatation must be repeated many times and frequently 
proves to be impossible and hazardous. Among the many 
published esophageal reconstructive procedures, inter- 
position of colon segments has proved to be successful 
for both replacement after resection and for bypass pro- 
cedures, but as yet several controversial questions con- 
cerning reconstructive techniques have not been resolved. 
The main points of disagreement are (1) selecting the most 
adequate segment, (2) selecting the route of transposition, 
(3) selecting the direction of placement, and (4) choosing 
simple bypass procedure or esophagectomy and recon- 
struction. This paper reports our experience for the past 
24 years of reconstructive surgery of the esophagus and 


represents our contribution to the search for answers to 
these dilemmas. | 


N SOME 4% to 33% of patients who had swallowed 
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and BOSKO K. JOVANOVIC, M.D. 


From the Center for Esophageal Surgery, Institute for 
Digestive Diseases, University Clinical Center, 
Beigrade, Yugoslavia 


The purpose of this study was to evaluate the incidence 
and severity of early and late postoperative complications 
as well as the functional long-term results in patients after 
esophagocoloplasty for intractable postcorrosive strictures 
of the esophagus. 


Patients and Methods 


During the period ranging from January 1964 to Jan- 
uary 1989, a total of 176 coloplasties were performed for 
intractable postcorrosive esophageal strictures at the Cen- 
ter for Esophageal Surgery of the Institute for Digestive 
Disease, University Clinical Center, Belgrade, Yugoslavia. 
Operative procedures were done to bypass the entire 
esophagus or replace the resected esophagus. There were 
127 female and 49 male patients. The youngest patient 
was 2 years old and the oldest was 80 years old. More 
than 75% of the patients were in the active period of their 
lives. The esophageal stricture was caused by ingestion of 
a variety of caustic agents. Lye was the most frequently 
ingested agent (121 patients, 69.88%), followed by acids — 
(44 patients, 26.13%) and drain cleaners (7 patients, 
3.97%). More than 60% of the patients had attempted 
suicide and the remaining patients took the corrosive 
agents by accident, including 10 children who were youn- 
ger than 10 years old. 

The diagnosis of the stricture was confirmed by contrast 
X-ray examination (barium swallow) and endoscopy. The 
uppermost level of the esophageal stricture was the phar- 
ynx and hypopharynx in 34 patients, low cervical in 82 
patients, upper thoracic in 30 patients, and middle tho- 
racic level in 30 patients. A feeding gastrostomy or jeju- 
nostomy was required in 117 (66.47%) patients because 
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a satisfactory lumen could not be achieved by intermittent 
dilatation. Before operation 51 patients could swallow 
liquids only and eight patients were placed on total par- 
enteral nutrition. 

Postcorrosive lesions outside the esophagus were also 
found in 42 (23.86%) patients, 39 of whom had obstruc- 
tion of the antral or pyloric portion of the stomach, while 
the entire stomach was obstructed in 3 patients. Among 
the 34 patients with high strictures, nine patients had 
strictures of the larynx as well that were initially treated 
by tracheostomy. Another nine patients had esophageal 
fistulas. All these facts indicate extensive and severe post- 
corrosive injuries in our series. 


Operative Methods 


The time interval between corrosive injury and recon- 
structive procedure varied greatly. More than one half of 
the patients (54.54%) were operated on within 6 months 
to 1 year after injury. The remaining patients were op- 
erated on after longer time intervals (20 patients after 1 
to 5 years, 19 patients after 6 to 15 years, 18 patients after 
16 to 35 years, and 23 patients after more than 35 years 
after ingestion) and presented with definitive scarring of 
the lesions. In the early period of our work we used the 
right colon and the terminal ileum more frequently than 
the left colon, but as we gained more experience it was 
obvious that the left colon in the ispoperistaltic position 
is the better choice. We used the transversosplenic segment 
on an ascending branch of the left colic artery because it 
has an excellent blood supply, is less bulky, and has stron- 
ger propulsion of a solid bolus. 

The preoperative preparation of the colon consists of 
3-day mechanical cleansing (enemas and laxatives) or 
flooding the gastrointestinal tract with 6 L of Ringer’s 
solution combined with oral antibiotic colon preparation 
and preoperative prophylactic antibiotics. 


Technical Considerations 


Bypass subtotal esophagoplasty. The bypass technique 
is our own modification and has not changed much in 
the last 20 years. The operation is performed through a 
superior midline and left cervical approach incision. The 
most crucial part of the operation is selection and appro- 
priate mobilization of the colon segment. The patterns of 
the main vessels and the marginal artery are carefully in- 
= spected. The assessment is greatly facilitated by transil- 
lumination of the mesentery and temporary clamping of 
the vascular pedicle before division. Trial occlusion of 
these vessels is essential in evaluating vascular perfusion 
of the selected colon segment. Any change in color or the 
cessation of pulsations in the proximal end of the trans- 
plant after temporary clamping of the marginal artery and 
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its branches signifies insufficiency of the blood supply. 
The use of such a segment is hazardous and would prob- 
ably result in transplant necrosis. The colon segment that 
proves to have a good blood supply is then tested for re- 
quired length and divided. One of two segments may be 
used: (1) the right colon with the terminal ileum on the 
middle colic artery (or rarely on the right colic artery with 
a longer segment of the terminal ileum) and vein; and (2) 
the left transversosplenic segment on the ascending branch 
of the left colic artery and vein (Fig. 1). 

The isolated colon segment is then brought up gently 
behind the stomach through the gastrohepatic ligament 
and placed between warm, moist packs. The continuity 
of the intra-abdominal digestive tract is achieved by end- 
to-end two-layer anastomosis (Vicryl-' 3-0). The cologas- 
tric anastomosis 1s performed close to the lesser curvature 
of the stomach in a two-layer technique with running ab- 
sorbable sutures (Vicryl-" 3-0). Before absorbable, syn- 
thetic sutures were available, catgut was used for the inner 
layer and linen was used for the seromuscular layer. At 
this time the cervical esophagus is dissected through the 
cervical incision and finally transsected above the stricture. 
The distal stump is closed by two layers of interrupted 
nonabsorbable sutures. This closure completely isolates 
the esophagus from the passage of the food. Exclusion of 
the stricture is permitted only under certain conditions ` 
(Figs. 2A—C):(1) when the complete stricture is at or above 
the thoracic outlet, and (2) when the incomplete thoracic 
stricture drains its mucus contents freely into the stomach. 
Because complete, nondraining intrathoracic stricture re- 
sults in esophagomucocoelle, exclusion of the esophagus 
is not indicated and esophagectomy should be performed. 

A retrosternal tunnel is made by blunt finger and in- 
strumental dissection simultaneously from the abdominal 
and cervical incisions. The tunnel should be large enough 


= to accept the colon transplant. During transposition of 





Fics. la and b. Selection of the colon segment. (a) Right colon and 
terminal ileum on the middle colic artery and vein. (b) Left colon (trans- 
versosplenic segment) on the ascending branch of the left colic artery 
and vein. The dotted lines indicate the site of ligature. Arrows indicate 
the proximal end of the colon segment in the tsoperistaltic position. - 
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Fics. 2a-c. Bypass procedure with complete exclusion of the strictured 
esophagus from the passage of food. (a) Level of obstruction at or above 
thoracic outlet. (b) Incomplete stricture. (c) Complete obstruction lo- 
calized in the thorax—exclusion not permitted. 


the transplant care must be taken to ensure that the vas- 
cular pedicle is never twisted or stretched. 

The type of cervical anastomosis performed depends 
on the transplant segment used. Esophagoileal anasto- 
moses are usually made in an end-to-side manner. Esoph- 
agocolo anastomoses are always made in an end-to-end 
manner. If a marked discrepancy between the diameters 
exists, the esophageal diameter is enlarged by a vertical 
incision or the colon diameter is reduced by suturing. The 
anastomosis is made with Vicryl-" (3-0 or 4-0) interrupted 
double-layer sutures. The site of the anastomosis is always 
drained with a Penrose drain. 

The pleural space may be accidentally entered during 
tunnelization. This injury should be recognized and 
promptly treated. If the pleural rent is small, a water seal 
drainage is all that is required. A large, wide defect of the 
pleura should be closed under direct vision from the ab- 
dominal incision, or, if closure is not feasible, the defect 
should be enlarged as much as possible to prevent 
compression of the vascular pedicle. 

Bypass total pharyngocoloplasty. Management of severe 
postcorrosive supraglottic, hypopharyngeal, and proximal 
high cervical strictures is more complex and significantly 
more difficult. Colon interposition as a total bypass pro- 
cedure was performed as a single-stage operation. The 
techniques are essentially the same as previously described, 
except that the upper anastomosis must be made to the 
posterolateral wall of the pharynx or to the hypopharynx. 
Seven of the 34 surgically treated patients had severe, ex- 
tensive scarring at the supraglottic level, involving the 
epiglottis as well. Another 19 patients had severe stricture 
at the cricopharyngeal level, while eight patients had stric- 
ture of the proximal cervical esophagus. 

Due to stricture of the trachea with airway obstruction, 
nine patients were initially treated with tracheostomy, and 
an additional four patients had been treated by laser sur- 
gery to obtain a larger airway lumen. 


ESPHAGOCOLOPLASTY TO MANAGE POSTCORROSIVE ESOPHAGEAL STRICTURES 
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A long, left cervical approach is performed from the 
suprasternal notch to the angle of the mandibula. In pa- 
tients presenting with incomplete stricture, the esophagus 
is obliquely transsected at the level of its origin and an 
end-to-end anastomosis is performed. In the presence of 
high, complete stricture, the posterolateral wall of the hy- 
popharynx or pharynx is incised vertically (minimum in- 
cision length is 2 cm) atop the stricture. The anastomosis 
is performed by single-layer technique (interrupted or 
running sutures, Vicryl-" 3-0). A Penrose drain is always 
placed and the incision closed. 

Esophagectomy and colon interposition. Esophagec- 
tomy is indicated when there is complete stricture of the 
thoracic esophagus (Fig. 3). Resection of the scarred 
esophagus can prove to be very difficult, especially in pa- 
tients with periesophageal and transmural fibrosis result- 
ing from three-degree corrosive injury and repeated, ag- 
gressive attempts at dilatation. In such patients even 
transthoracic esophagectomy can prove to be extremely 
difficult, while in others a transhiatal esophagectomy can 
be done without problems. After subtotal or total resection 
of the esophagus, regardless of the method, a pyloroplasty 
must be performed. Mobilization and division of the ap- 
propriate colon segment is the same as in the bypass pro- 
cedure, but transposition of the colon segment to the cer- 
vical level is done using the posterior mediastinal route 
because this represents the shortest distance to the neck, 
which is already prepared for transposition after removal 
of the scarred esophagus. 

Surgically treated patients remain in the ICU for 2 to 
3 days, and the thoracotomy drainage is removed on the 
fourth or fifth day after daily x-ray controls. The integrity 
of the cervical anastomosis is checked on the eighth or 
nineth postoperative day in every patient by gastrogra- 
phin-' swallow and if no leakage is detected, a liquid diet 
is started. If gastrostomy was not closed during the initial 
procedure, the tube is removed, resulting in spontaneous 
closure in most patients. 

The long-term results were evaluated by dividing pa- 
tients into three groups: good, fair, and unsatisfactory. 
The major criteria for evaluation of the surgically treated 
patients was the pattern of swallowing and eating, weight 
gain, and quality of life. Results were considered good 
when the patient had symptom-free swallowing and eat- 
ing, gained weight, and resumed normal life activities. 
Patients with fair results could swallow and eat well, but 
occasionally had some complaints such as feeling of full- 
ness after meals, regurgitation, pain, no weight gain, and 
a diminished working capacity. Patients with unsatisfac- 
tory results had dysphagia, regurgitation, and aspiration, 
followed by pulmonary complications that prevented clo- 
sure of the feeding gastrostomy and resulted in patient 
weight loss and incapacitation. 
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FIG. 3. Barium swallow radiograms of four patients with complete obstruction of the thoracic esophagus. 


Results 


Early postoperative complications are relatively fre- 
quent but not of equal incidence between the ileocolo- 
plasty and coloplasty groups (Table 1). There were 20 
anastomotic leaks at the site of the cervical anastomoses, 
all occurring within 14 days after reconstruction. In only 
one patient with leakage of the cervical anastomosis did 
mediastinal empyema and sepsis occur, resulting in death, 
while in the remaining 19 patients minor leakage healed 


TABLE 1. Early Postoperative Complications 





Ileocoloplasty | Coloplasty Total 
Complication (n = 59) (n = 117) (N = 176) 

Cervical anastomotic 

leakage 12/20.33% 8/6.83% 20/11.36% 
Pneumothorax 7/11.86% 10/8.54% 17/9.65% 
Wound infection 5/8.47% 7/5.98% 12/6.81% 
Bowel necrosis 3/5.08% 2/1.70% 5/2.84% 
Abdominal anastomotic 

leakage 1/1.69% 2/1.70% 3/1.70% 
Cardiopulmonary 

insufficiency 2/3.38% 1/0.85% 3/1.70% 
Total 30/50.84% 30/25.64% 60/34.09% 


spontaneously within a few weeks after initial surgery, 
following wide neck drainage and total restriction of oral 
feeding. The incidence of pneumothorax, due to pleural 
injury, was not related to the method of reconstruction. 
Pneumothorax of the right side was more frequent. Acute 
necrosis of the bowel transplant developed in five patients 
(2.84%), required immediate removal of the necrotic 
bowel, and resulted in three deaths. Necrosis of the trans- 
plant occurred in three patients due to insufficient arterial 
supply and in two patients due to inadequate venous 
drainage and resulted in infarction. 

The overall postoperative mortality rate was 5.68%, the 
majority of deaths occurring in the early period of our 
study (Table 2). 

Late postoperative complications, occurring after dis- 
charge from the hospital, were not frequent (Table 3). 
Almost all late postoperative complications were suc- 
cessfully corrected. Thirteen patients with cervical leakage 
developed anastomotic stricture and had to be reoperated 
on with good end results. Three patients developed a pep- 
tic ulcer of the distal part of the transplanted colon, just 
above the cologastric anastomosis 3, 5, and 10 years after 
reconstruction. Antrectomy, truncal vagotomy, and a 
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TABLE 2. Postoperative Mortality in Relation 
to Type of Reconstruction 





Total No. of 
Period Patients Reconstruction Patients Deaths 
1964-78 74 Ileocoloplasty, 40 4 
coloplasty 34 4 (10.81%) 
1979-87 102 Ileocoloplasty, 19 
coloplasty 83 2 (1.96%) 
Total 176 10 (5.68%) 





sparing resection of the distal part of the colon cured two 
patients before the H2 blocker era, while the third patient 
is doing well under medical management. 

Redundancy of the transplant was observed in five pa- 
tients and herniation of the transplant through a pleural 
rent in three patients. All eight patients demonstrated a 
dilated and atonic colon transplant, without marked ob- 
struction, and complained of a feeling of fullness and re- 
trosternal pressure after meals. Only one of these patients 
was reoperated on 8 years after reconstruction. A part of 
the redundant colon transplant was resected and colo- 
gastric reanastomosis was performed. Histologic exami- 
nation of the resected portion of the colon revealed normal 
structure. 

Intestinal obstruction occurred in four patients and was 
caused by fibrous intraperitoneal adhesions. All patients 
fully recovered after division of the adhesions at lapa- 
rotomy. 

In four patients the transplant was compressed at the 
level of the thoracic outlet, so a part of the manubrium 
and the sternal end of the clavicle had to removed to 
provide more room. 

Bypass reconstruction was not indicated in 17 (10.22%) 
of the patients. One-stage transhiatal esophagectomy and 
reconstruction (12 patients) and two-stage transthoracic 
esophagectomy and reconstruction (six patients) had to 
be performed. The mortality rate was 11.11% for the 18 
patients who had esophagectomy and reconstruction. 


TABLE 3. Late Postoperative Complications 


Ileocoloplasty Coloplasty Total 
Complications (n = 59) (n=117) (N= 176) 
Stenosis of cervical 
anastomosis 10/16.94% 3/2.56% 13/7.38% 
Peptic ulcer—colon 2/3.38% 1/0.85% 3/1.70% 
Redundant segment 4/6.77% 1/0.85% 5/2.84% 
Ileus 3/5.08% 1/0.85% 4/2.27% 
Compression at the thoracic 
outlet 2/3.38% 2/1.70% 4/2.27% 
Mucocele oesophagi 1/1.69% 0 1/0.56% 
Colon herniation into pleura 2/3.38% 1/0.85% 3/1.70% 
Total 24/33.89% 9/7.69 32/18.18% 
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Late Follow-up 


Follow-up of surgically treated patients was done at 
regular intervals in 144 (81.81%) patients for periods 
ranging from | to 24 years (Table 4). A total of 32 patients 
(18.18%) were lost to follow-up. Fourteen of these patients 
had died due to unrelated causes 3 to 23 years after re- 
construction. The remaining 18 patients could not be lo- 
cated. 

The majority of the patients were very satisfied with 
the results of surgery because their ability and pleasure in 
eating and drinking were restored. The only limitation 
was that meals had to be consumed slowly. All patients 
were instructed to allow at least 1 hour to eat each meal 
after discharge from hospital. Patients who did not follow 
instructions, especially in the group of elderly patients, 
returned to the hospital with complaints of a feeling of 
fullness and regurgitation. Symptoms disappeared when 
the patients learned to eat their meals slowly. 

All patients had yearly weight determinations and bar- 
ium swallow examinations in the upright position. Ra- 
diologic studies did not demonstrate signs of functional 
deterioration when compared to the immediate postop- 
erative period. During repeated radiologic studies, barium 
filled the transplanted colon and passed into the stomach 
in 20 to 30 seconds in most of the patients, although a 
variable amount of residual barium remained in the colon 
transplant for a few hours. In elderly patients the barium 
swallow study demonstrated an increasing number of 
slightly distended transplants, especially in patients who 
had transplants of excessive length or herniation of the 
transplant into the pleura. If the colon transplant was in 
a linear position, regardless of colon segment and route 
of transposition used, no dilatation occurred and the pa- 
tients did not complain of a feeling of fullness after meals. 
A barium swallow radiogram of two patients (transme- 
diastinal and retrosternal coloplasty) without complaints 
is presented in Figure 4. Patients with anastomosis per- 
formed to the hypopharynx demonstrate good functional 
results, providing that the anastomosis is of sufficient 
width (Fig. 5). 

All patients with good results had gained weight in the 
postoperative period. Almost all patients resumed an ac- 
tive occupational and family life in the postoperative pe- 
riod. Five women had uneventful pregnancies and lead 


TABLE 4. Long-Term Follow-up of Surgically Treated Patients 


No. of % of 
Results Patients Patients 
Good 126 87.50 
Fair 15 10.41 
Unsatisfactory 3 2.08 
Total 144 100.00 
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normal family lives. In the group of patients who had 
originally sustained corrosive injury in suicidal attempts, 
only two patients attempted suicide again, despite psy- 
chiatric supervision in the postoperative period. During 
the early postreconstructive period all patients need close 
supervision, understanding, support, and encouragement. 


Discussion 


Colon segments are used with increasing frequency for 
total and subtotal reconstruction of the esophagus in the 
last few decades.” In the past colon segments were con- 
sidered unsuitable due to the their bacterial flora, lack of 
peristalsis, and frequent diseases. Nevertheless the fact that 
the marginal artery of the colon passes uninterruptedly 
in the majority of patients from the ascending colic branch 
of the ileocolic artery to the descending branch of the final 
sigmoid artery makes it possible to attain colon segments 
of sufficient length for total or subtotal esophageal recon- 
struction in most patients. Inadequate blood supply of 
the colon transplant can result from arterial and/or venous 
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FIG. 4. Typical postoperative 
barium swallow radiograms 
of two patients with linear 
position of colon transplant 
and excellant functional re- 
sults regardless of route of 
transposition. 


insufficiency. In a small number of patients insufficiency 
of the marginal artery, more frequent on the right side, is 
encountered. Steward and Rankin’ noted this failure of 
anastomosis between the ileocolic and right colic arteries 
in 5% of patients and between the right colic and middle 
colic arteries in 5.4% of patients. Robillard and Shapiro!° 
reported failure of anastomoses between the middle colic 
and left colic arteries in only 2% of patients. Anatomic 
variations of the arterial pattern and the absence of a major 
artery are more frequent on the right side. We have ob- 
served that the arterial pattern was far more constant on 
the left than on the right side. Filin'' reported that vari- 
ations of the arterial supply are frequently accompanied 
by variations of the veins and that branching of the arteries 
is always closer to the colon than the confluence of the 
veins. Kovalenko’? studied the blood supply of the colon 
and noted a 30% failure rate on the right side and only a 
7% failure rate on the left side in 120 specimens studied. 
All these facts seem to indicate that the left colon has a 
better and more constant blood supply. Meticulous in- 
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FIG. 5. Postoperative control 
barium swallow study dem- 
onstrating good patency of 
the hypopharyngeal anasto- 
mosis after retrosternal ileo- 
coloplasty for complete hy- 
popharyngeal caustic stric- 
ture. 
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traoperative assessment of the selected colon segment 
blood supply is mandatory to keep the transplant necrosis 
rate minimal. We believe that a preoperative arteriography 
is not significant in selecting the segment. 

In the early period of our experience we had a cervical 
anastomotic leakage rate of 22.97%, while in the last 102 
reconstructions the rate decreased to only 2.94%. Anas- 
tomotic leaks were three times more frequent at the site 
of the esophagoileo anastomosis than the esophagocolo 
anastomosis, partly because the first type of anastomoses 
was performed more frequently in the early period of our 
series, which holds true for all other early and late post- 
operative instances of morbidity. 

Operative death is most frequently associated with ne- 
crosis of the transplanted colon segment. Transplant ne- 





crosis has been reported in 6% to 8% of patients.”*'* We 
noted transplant necrosis in only 2.84% of patients (5 pa- 
tients), probably because we use very strict evaluation cmi- 
teria when we intraoperatively assess blood supply of colon 
segments. We emphasize the potential hazard of venous 
insufficiency of the transplant segment, which is frequently 
overlooked because intraoperative evaluation is difficult. 
In one patient, after dividing the transplant, acute insuf- 
ficiency of venous drainage was corrected by creating a 
venous anastomosis between the left colic and coronary 
veins. Although the outcome was favorable in this patient, 
such procedures need further evaluation. 

It seems that from a functional point of view, the pas- 
sage of a bolus through the transplanted colon is slower 
than through the normal esophagus. The new esophagus 
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functions like a passive tube emptying under the influence 
of gravity and very rarely is there peristaltic activity in 
most patients.'* Recent cineradiographic, manometric, 
and clinical studies have challenged the concept that 
emptying of the colon segment is by gravity drainage 
alone. We believe that colon segments should be in the 
ispoeristaltic position, which is almost always possible, 
regardless of vessel arrangement, as demonstrated in our 
series. Antiperistaltic position of the colon transplant is 
frequently associated with regurgitation and poor func- 
tional results.*° We observed that colon transplants, over 
a longer period of time, are a very good functional sub- 
stitute, especially in younger patients and children. 

Both left and right colon segments gave optimal func- 
tional results in most patients in our series. We prefer the 
left transversosplenic segment due to its smaller diameter, 
better linear position, and stronger peristaltic activity. 

The subcutaneous route of transposition should be 
abandoned due to unacceptable cosmetic and poor func- 
tional results. In bypass reconstructive procedures the re- 
trosternal route is the only possibility. Reconstruction after 
transthoracic esophagectomy is best performed by the 
retrosternal route. After transhiatal esophagectomy the 
transmediastinal route is preferred. 

The classical dilemma of whether to perform bypass 
or esophagectomy and reconstruction is still unresolved. 
We do not perform routine esophagectomy in patients 
with postcorrosive strictures because such an operation is 
unnecessary in most patients. Esophagectomy can be dif- 
ficult and hazardous due to extensive fibrosis and many 
adhesions to adjacent structures, especially if the patient 
had been repeatedly dilated and had previous perforations, 
which increases the postoperative mortality risk. The 
postoperative mortality rate was 11.11% for patients with 
esophagectomy and reconstruction; the overall mortality 
rate was 5.68%. 

The incidence of cancer after postcorrosive stricture of 
the esophagus, according to published data, is less than 
5% after a long latency period.'*'® We noted an incidence 
of 3.2% after a mean latency period of 49.3 years.!’ There 
is only one reported carcinoma arising in the postcorro- 
sive, strictured esophagus that is excluded from transit of 
food.'® The chances of developing carcinoma in a scarred 
esophagus left in situ are minimal because there is no 
mechanical, chemical, and thermal irritation to the dam- 
aged mucosa. The mortality risk with esophagectomy by 
far surpasses the risk of cancer in the scarred esophagus. 
We advocate a selective approach to esophagectomy in 
these patients. Esophagectomy is performed only if there 
is a complete stricture of the thoracic portion of the 
esophagus or malignancy is suspected, which accounts 
for about 10% of the patients. 

Esophagocoloplasty can provide excellent functional 
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results and a low postoperative mortality rate if performed 
by specially trained, experienced surgical teams in partic- 
ular centers. Our overall postoperative mortality rate of 
5.68%, which was reduced to 1.96% in the last 102 sur- 
gically treated patients, reflects our growing experience. 
The published operative mortality rate of authors who 
have done more than 50 esophagocoloplasties range from 
1.2% to 6.8%.?-**!3 Published postoperative functional 
results are uniformly good, ranging from 81% to 
91.7%.***"? In our series 87.5% of patients were symptom 
free on repeated check-ups, which proves that colon seg- 
ments are an optimal substitute for the scarred, damaged 
esophagus. 
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Chronic Respiratory Symptoms and Occult 


Gastroesophageal Reflux 


A Prospective Clinical Study and Results of Surgical Therapy 





TOM R. DEMEESTER, M.D.," LUIGI BONAVINA, M.D.,t CLEMENTE IASCONE, M.D., JOHN V. COURTNEY, M.D., | 


Seventy-seven patients with a primary complaint of persistent 
caugh, wheezing, and/or recurrent pneumonia were evaluated 
for the presence of occult gastroesophageal reflux disease. Fifty- 
four patients (70%) had increased esophageal acid exposure on 
24-hour pH monitoring of the distal esophagus. In 28% of these 
patients the respiratory symptoms were thought to be due to 
aspiration because they occurred during or within 3 minutes after 
a reflux episode. In the other patients, the res piratory symptoms 
were either induced by or were unrelated to reflux episodes. The 
number of respiratory symptoms reported ky the patients with 
increased esophageal acid exposure was directly related to the 
presence of a nonspecific esophageal motility abnormality (p 
< 0.05). This suggested that a motility disarder contributes to 
aspiration by promoting the aboral flow of re-luxed gastric juice. 
Seventeen patients with increased esophageal acid exposure had 


an antireflux operation to relieve their resp ratory complaints. ` 


Patients whose respiratory symptoms induced reflux episodes 
were not helped by the procedure. Of the other patients, symp- 
toms were abolished by the procedure only ir those with normal 
esophageal motility. It is concluded that the majority of patients 
suffering from chronic unexplained respiratcry symptoms have 
occult gastroesophageal reflux disease, but only a minority of 
them are helped by surgery. Carefully performed esophageal 
function studies are needed to select those patients who will ben- 
efit from a surgical antireflux procedure. 


SOPHAGEAL ABNORMALITIES, zuch as tracheo- 
esophageal fistula, motility discrders, overt gas- 
troesophageal reflux, or luminal obstruction from 
a malignant or benign stricture, are reccgnized causes of 
respiratory symptoms secondary to aspiration.’ What is 
poorly understood is how often respiratory symptoms are 


caused by occult gastroesophageal reflux. The purpose of. 


this study was to determine (1) the incidence of increased 
esophageal exposure to gastric juice in Jatients with re- 
calcitrant and unexplained respiratory symptoms sugges- 
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tive of chronic aspiration, (2) the relationship of the re- 
spiratory symptoms to reflux episodes, (3) the incidence 
of altered esophageal motility, and (4) the ability of sur- 
gical antireflux procedures to alleviate respiratory symp- 
toms in patients with proven occult gastroesophageal re- 
flux disease. 


Patients and Methods 
Patient Population 


The study population consisted of 77 patients referred 
to the esophageal function laboratory at the University of 
Chicago Hospital between June 1976 and July 1981 for 
persistent respiratory symptoms that suggested chronic 
aspiration and were unresponsive to medical therapy. 
There were 44 male and 33 female patients. The mean 
age was 42 years, ranging from 2 months to 79 years, with 
10 individuals younger than 10 years old. The respiratory 
symptoms consisted of one or a combination of the fol- 
lowing: nocturnal cough (51 of 77 patients), daytime 


TABLE 1. Grading of Reflux Symptoms 


Heartburn 

Mild—-Experienced occasionally 

Moderate—Consciously adjusting activity to avoid the symptom 
Regurgitation 

Mild---Experienced occasionally 

Moderate—Predictable on ‘position or straining 
Dysphagia 

Mild---Experienced occasionally 

Moderate—Required liquids to clear 
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Fic. 1A. Twenty-four-hour 
esophageal pH record show- 
ing the occurrence of severe 
wheezing during a reflux ep- 
difficult breathing, isode (drop in pH below 4). 

wheezing Note that symptoms oc- 
curred during the reflux epi- 
sode. This suggested that the 
refluxed gastric contents were 
aspirated and caused the re- 
spiratory symptoms. This 
particular patient also had a 
drop in arterial PO, and re- 
quired tracheal intubation 
to alleviate respiratory dis- 
tress. 


DH 





cough (42 of 77 patients), wheezing (45 of 77 patients), used to quantitate the severity of his/her respiratory com- 
and recurrent episodes of pneumonia (46 of 77 patients). plaint. 
The number of symptoms reported by each patient was All patients had bronchoscopy performed to exclude 
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FiG. 1B. Twenty-four-hour 
esophageal pH record show- 
ing a reflux episode (drop in 
pH below 4) induced by 
cough. Note that symptoms 
occurred before the reflux 
episode. This suggested that 
mechanical stress associated 
with the respiratory symp- 
toms induced the reflux epi- 
sode. 


pH 
an 





+ 

fa 
= 
\ 


Vol. 211 + No. 3 


Fic. 1C. Twenty-four- 

hour esophageal pH rec- 

ord showing episodes of 
cough occurring inde- 

pendently of reflux epi- 

sodes (drop in pH below 

4). This suggested that the 

symptoms were caused by 

either a primary pulmo- 

nary disease or a pulmo- 

nary injury secondary to 

repetitive episodes of as- 
piration. The latter hy- 

pothesis would be more 

likely in patients with in- 

creased esophageal acid 

exposure. 


an obvious cause for their respiratory symptoms. Previous 
chest roentgenograms, taken during a respiratory illness, 
were obtained for review in 57 of the 77 patients studied. 
Twenty-five of the patients had an infiltrative pattern that 
suggested acute or chronic aspiration on at least one of 
the roentgenograms reviewed. Thus aspiration could be 
suspected as a cause of the patients’ symptoms in only 
one third of the roentgenograms. 

Esophageal symptoms. Each patient was questioned for 
the presence of unrecognized esophageal symptoms and 
graded on a scale to reflect the severity of these complaints 
(Table 1). Grading was done before any objective study 
of esophageal function using a standard questionnaire 
completed by a physician during an interview with the 
patient. 


Esophageal Manometry 


Manometry was performed according to the technique 
of Winans and Harris,’ using a single-catheter assembly 
consisting of three fluid-filled, perfused polyethylene tubes 
bonded together with three 2-mm lateral openings placed 
5 cm apart at the distal end. The catheter assembly was 
passed through the nose into the empty stomach and then 
withdrawn in | cm increments into the esophagus and 
up through the upper esophageal sphincter. The presence 
of a motility disorder of the esophageal body was deter- 
mined by analyzing 10 or more swallows for the presence 
of simultaneous and/or repetitive contractions. The mo- 
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tility study was considered abnormal if 20% or more of 
the esophageal contractions showed these abnormalities. 


24-Hour Esophageal pH Monitoring 


The 24-hour esophageal pH test was performed ac- 
cording to the technique described by one of the authors," 
with a pH electrode placed 5 cm proximal to the upper 
border of the lower esophageal sphincter as measured by 
manometry. The patients were given specific instructions 
to record their symptoms and the time they occurred on 
the strip chart recording the pH of the esophagus. In ad- 
dition they were told to draw a line from their written 
note to the pen plotting the pH. The 24-hour pH tracings 
were evaluated specifically for the time relationship be- 
tween the onset of a recorded cough or wheeze and a 
reflux episode, signified by a drop in esophageal pH below 
4. If the respiratory symptom occurred during or within 
3 minutes after a reflux episode, it was considered to be 
induced by reflux (Fig. 1A). In contrast if the respiratory ' 
symptom occurred during or within 3 minutes before a 
reflux episode, then the reflux episode was considered to 
be induced by the exaggerated abdominal and pleural 
pressure changes caused by coughing or wheezing (Fig. 
1B). Ifall the respiratory symptoms during the monitored 
period occurred independent ofa reflux episode (Fig. 1C), 
or if the patient did not record a respiratory symptom 
during the monitored period, the symptoms were classified 
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as unrelated to a reflux episode even though more pro- 
longed monitoring might have shown a relationship. 
Esophageal acid exposure was assessed by a composite 
mathematical score that incorporated six components of 
the 24-hour record: (1) the percentage of time the esoph- 
ageal pH was 4 or less for the total 24-hour period; (2) 
the time in the upright position; (3) the time in the supine 
position; (4) the total number of reflux episodes; (5) the 
number of episodes lasting 5 minutes or longer; and (6) 
the duration of the longest episode. Individuals whose 
cumulative score exceeded by more than two standard 
deviations the mean score of control subjects were con- 
sidered to have an abnormal esophageal acid exposure.” 


Surgical. Therapy 


Seventeen patients with increased esophageal acid ex- 
posure and respiratory symptoms that were unresponsive 
to therapy with antacids or H2 blockers underwent an 
antireflux operation. There were 16 adults and one child. 
Surgical therapy was determined by the severity and re- 
calcitrant nature of the respiratory symptoms. All patients 
used bronchodilator drugs on a regular basis and nine 
required intermittent or chronic systemic corticosteroid 
therapy to contro] severe episodes of wheezing. 

Fourteen patients had a Nissen fundoplication and 
three had a Belsey Mark-IV partial fundoplication. Be- 
cause the operation was done to relieve respiratory symp- 
toms, it was considered successful only if all respiratory 
complaints were relieved on follow-up clinical evaluation. 
Patients were evaluated 3 months after surgery and an- 
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nually on the anniversary of the operation. The follow- 
up ranged from 36 to 103 months, with a median of 63 
mouths. 


Statistical Analysis 


The chi square test, Student’s t test, and linear trend 
test for proportion were used for statistical evaluation of 
the data. Significance was established at p = 0.05. 


Results 
Incidence and Severity of Esophageal Symptoms 


In all patients respiratory symptoms predominated and 
represented the impetus for seeking medical advice. On 
specific questioning, however, 23% of the patients recalled 
experiencing heartburn, 34% had acid regurgitation, and 
14% had dysphagia. The majority of these symptoms were 
mild and only in a small percentage were they sufficiently 
annoying to make patients consciously adjust their activity 
to avoid or alleviate the symptom (Fig. 2). Interestingly 
regurgitation was more common than heartburn. 


Esophageal Acid Exposure 


Fifty-four of 77 patients (70%) had increased esophageal 
acid exposure on 24-hour pH monitoring. Neither the 
type nor the number of respiratory symptoms complained 
of were predictive of an abnormal test. Table 2 shows the 
relationship of the respiratory symptoms to reflux epi- 
sodes. An important observation was that respiratory 
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FIG. 2. Incidence and severity 
of esophageal symptoms in 

- 77 patients with chronic re- 
spiratory complaints resistant 
to medical therapy. 
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TABLE 2. Relationship of Respiratory Symptoms to Reflux Episodes in 
Patients with and Witkout Increased Esophageal Acid Exposure 


. Esophageal Acid Exposure 


Increased Normal 
Occurrence (n = 54) (n = 23) 
During or within 3 minutes 
after an episode 15/54 (28%)* 2/23 (9%)* 
Within 3 minutes before 
an episode 8/54 (15%) 4/23 (17%) 
Unrelated to an episode 31/54 (57%) 17/23 (74%) 


*2< 0.05. 


symptoms occurred during or within 3 minutes after a 
reflux episode in patients with normal esophageal acid 
exposure, and the prevalence of this event was significantly 
higher in those with increased acid exposure (p < 0.05; 
Fig. 1A). The prevalence of reflux episodes induced by 
respiratory symptoms was similar in patients with normal 
or increased esophageal acid exposure (Fig. 1B). In five 
patients with increased esophageal acid exposure a “ping- 
pong” effect occurred in which a reflux episode induced 
respiratory symptoms and the mechanical stress associated 
with the respiratory symptom induced a subsequent reflux 
episode (Fig. 3). This did not occur in patients with a 
normal 24-hour pH monitoring test. The occurrence of 


Fic. 3. Twenty-four-hour 
esophageal pH record show- 
ing a “ping-pong” effect in 
a patient with increased 
esophageal acid exposure. In 
this situation, a reflux episode 
(drop in pH below 4) induced 
cough, which, in turn, elicited 
another reflux episode. 
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respiratory symptoms unrelated to reflux episodes was 
similar in patients with normal or increased esophageal 
acid exposure (Fig. 1C). 

Six of the 15 patients in whom respiratory symptoms 
occurred during or within 3 minutes after a reflux episode 
had only cough, and six others had only wheezing. Two 
had normal and three had increased esophageal acid ex- 
posure over a 24-hour period. Table 3 shows that patients. 
who complained only of cough, compared to those who 
experienced only wheezing, had a statistically greater 
esophageal acid exposure, predominantly in the supine 
position, and a less effective acid clearance as reflected by 
an increased number of supine reflux episodes lasting 
more than 5 minutes. They also had a higher incidence 
of chest roentgenogram abnormalities compatible with 
aspiration. These findings suggest that the symptom of 
cough was more likely due to aspiration than wheezing. 


Esophageal Motility 


Thirty-five of the 77 patients (45%) had evidence of a 
nonspecific esophageal motility abnormality: 25 were 
from the 54 patients with an abnormal esophageal acid 
exposure, and 10 were from the 23 patients with a normal 
24-hour pH test. The prevalence of abnormal motility 
was similar in both groups (46% vs. 43%). Figure 4 shows 
that in patients with increased esophageal acid exposure 
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TABLE 3. Comparison of Esophageal Function Parameters and Chest X-Ray Findings in Patients with Reflux-induced Cough or Wheezing 


% Total Time % Supine Time 
pH <4 pH <4 
Symptom (Mean + SEM) (Mean + SEM) 
Cough (n = 6) 26.26 + 5.78* 27.77 + 10.16* 
Wheezing (n = 6) 10.84 + 3.03 9.71 + 3.58 
* p < 0.05. 


there was a direct relationship between the number of 
respiratory symptoms experienced by the patient and the 
prevalence of a motility abnormality. This did not occur 
in patients with a normal 24-hour pH test (Fig. 5). There 
was no difference in the prevalence of a motility disorder 
between the six patients who complained of only cough 
and the six who complained of only wheezing (Table 3). 


Results of Surgical Therapy 


No operative morbidity was recorded. Overall 14 of the 
17 patients (82%) were improved by the operation, but 
only nine (53%) had complete relief of all respiratory 
symptoms. In Table 4 the 17 patients are stratified ac- 
cording to the relationship of their respiratory symptoms 
_ to recorded reflux episodes and to the results of the esoph- 
‘ageal motility studies. The absence of a motility abnor- 
mality was associated with greater effectiveness of an an- 
tireflux procedure to control respiratory symptoms (78% 
vs. 25%). The best results were obtained in patients with 
normal esophageal motility and respiratory symptoms that 
occurred during, within 3 minutes after, or unrelated to 
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Motility 40 


PTS. 6/19 5/12 





7/13 


No. of Supine 


Reflux Episodes No. of No. of 
> 5 Minutes Abnormal Abnormal 
(Mean + SEM) Motility Chest X-Ray 
So 25" 4/6 5/6 
2.0 + 0.68 3/6 1/6 


a reflux episode. Patients whose reflux episodes were in- 
duced by cough or wheezing were not helped by the pro- 
cedure. 


Discussion 


Chronic respiratory symptoms of unexplained etiology 
are frequently encountered in current medical practice 
and are often recalcitrant to conventional therapy. Al- 
though patients present with predominant respiratory 
problems, about one third of them will have some mild 
esophageal complaints on focused questioning. When 
esophageal symptoms are present, even to a mild degree, 
they may indicate the etiology of.the respiratory com- 
plaint. 

The analysis of the 24-hour esophageal pH records in 


the present series showed that 77% of patients with unex- - 


plained chronic cough, chronic intermittent wheezing, or 
recurrent pneumonia have increased esophageal exposure 
to gastric juice. The symptoms of cough or wheezing can 
occur (1) immediately before, (2) during, (3) immediately 
after, or (4) independent of a reflux episode. In the first 


Fic. 4. Prevalence of abnor- 
mal esophageal motility in 54 

_ patients with respiratory 
symptoms and increased 
esophageal acid exposure, 
stratified according to the 
number of reported respira- 
tory complaints, — SN. 
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Fic. 5. Prevalence of abnor- 
mal esophageal motility in 23 
patients with respiratory 
symptoms and normal 
esophageal acid exposure, 
stratified according to the 
number of reported respira- 
tory complaints. 
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situation, the mechanical effects of coughing or wheezing 
most likely induce the reflux episode. In the second and 
third situations, a reflux episode most likely causes re- 
spiratory symptoms secondary to aspiration. In a small 
number of patients the first and second or third events 
can occur in sequence and potentiate each other in a 
“ping-pong” fashion. When the respiratory symptoms are 
independent of a reflux episode, they are due to primary 
pulmonary disease or to bronchial mucosal damage from 
aspiration episodes that are too infrequent to be docu- 
mented during one 24-hour period of esophageal pH 
monitoring. Scanning electron microscope studies have 
shown that small amounts of hydrochloric acid or gastric 
juice can denude the tracheal mucosa and disrupt ciliary 
function. Repair of the epithelial damage may take as 


TABLE 4. Results of Antireflux Surgery in Patients 
with Increased Esophageal Acid Exposure 


Success Rate 
Relationship of Symptoms Normal Abnormal 
to Reflux Episodes Motility Motility Total 

Related during or after an 

episode 22 2/4 4/6 
Related before an episode 0/2 0/1 0/3 
Unrelated to an episode 5/5 0/3 5/8 
Total 7/9 (78%) 2/8 (25%) 9/17 (53%)* 


* Fourteen (82%) of the patients had their symptoms improved by 
the operation, but for purposes of analysis only the nine patients who 
were completely free of symptoms after operation were considered suc- 
cessful. 
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1 2 3 4 
No. of Respiratory Symptoms 
2/4 2/4 5/10 1/5 


long as 7 days.!° Consequently gastroesophageal reflux 
can be associated with acute bouts of coughing that occur 
during an aspiration episode and a chronic irritating cough 
unrelated to reflux episodes during the healing period. 
This explains why some patients with increased esophageal 
acid exposure and respiratory symptoms unrelated to re- 
flux episodes may obtain relief of their complaints with 
an antireflux procedure. 

Of particular interest was the finding in our study that 
esophageal exposure to gastric juice was higher, and chest 
roentgenographic changes compatible with aspiration 
more common in patients who experienced cough rather 
than wheezing as their primary respiratory complaint. 
This difference existed despite a similar incidence of an 
esophageal motility disorder in the two groups. This sug- 
gests that the cough-resulted from the actual aspiration 
of gastric juice, whereas wheezing may result from a neu- 
roreflex bronchospasm triggered by the reflux of smaller 
volumes of gastric Juice into an acid-sensitive esophagus. 
In support of this observation, Mansfield’! has shown that 
intraesophageal acid perfusion can significantly increase 
airway resistance in asthmatic patients. 

Forty-six per cent of the study patients had a motility 
abnormality manifested by simultaneous and/or repetitive 
contractions in 20% or more of conducted swallows. It 
does not appear that this motility abnormality was in- 
duced by increased esophageal acid exposure because the 
incidence in patients with an abnormal 24-hour esopha- 
geal pH test was similar to that seen in patients with a 
normal test. When present a motility abnormality could 
propel esophageal luminal contents in an aboral direction 
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FIG. 6. Proposed manage- 
ment algorithm in patients 
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respiratory symptoms. 


to reflux episodes 


Abnormal motility 


| 


Limited chance 


to releve to relieve 
respiratory respiratory 
symptoms with symptoms with 
surgery surgery 


and potentiate the possibility of their aspiration, or when 
gastroesophageal reflux coexists, potentiate the possibility 
of aspirating gastric contents. In our experience the in- 
cidence of a motility abnormality correlated significantly 
to the number of respiratory complaints in patients who 
had increased esophageal acid exposure. This suggests that 
a severe respiratory problem is more likely to occur in 
individuals who have increased esophageal acid exposure 
and a concomitant motility disorder. It is our belief that 
radionuclide studies designed to detect aspiration’? are of 
limited value in selecting which patients will benefit from 
antireflux surgery. This is because a motility abnormality, 
if present, is likely to cause aspiration regardless of whether 
there is increased esophageal acid exposure. This explains 
why respiratory symptoms were not abolished by an an- 
tireflux procedure in patients who had both increased 
esophageal acid exposure and an esophageal motility dis- 
order. 

Although medical therapy with simple antacids or H2 
blockers is the first line of treatment of gastroesophageal 
reflux disease, its effectiveness in patients with respiratory 
symptoms secondary to reflux has been questioned.!*!* 
This may be due to insufficient control of reflux because 
none of the drugs currently available have been shown to 
significantly improve the mechanical barrier to reflux at 
the cardia.!° On the other hand, a properly performed 
antireflux procedure has been shown to permanently cor- 
rect a mechanically defective barrier.'® 


All patients in our series had increased esophageal acid 
exposure as measured by 24-hour esophageal pH moni- 
toring. Their response to antireflux surgery varied only 
in that patients with a concomitant motility disorder and 
those whose reflux episodes were induced by cough or 
wheezing did not benefit from the procedure. Patients 
with increased esophageal acid exposure and normal mo- 
tility can be expected to have excellent relief of their re- 
spiratory symptoms with surgery. Figure 6 is an algorithm 
for patient management based on the experience gained 
from this study. Only a minority of patients, of the many 
who suffer from chronic unexplained respiratory symp- 


_ toms, can be helped by an antireflux procedure. A care- 


fully performed analysis of esophageal function studies is 
required to identify patients whose respiratory symptoms 
are caused by occult gastroesophageal reflux who can 
benefit from surgery. 
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Therapeutic Effect of Isovolemic Hemodilution with . 
Dextran 60 on the Impairment of Pancreatic 
Microcirculation in Acute Biliary Pancreatitis 





ERNST KLAR, M.D.,* CHRISTIAN HERFARTH, M.D.,* and KONRAD MESSMER, M.D.t 


Dextran of different molecular weight (Dx 40, Dx 60/70) has 
often been evaluated as adjunct treatment of experimental acute 
pancreatitis. A beneficial effect has been documented by a de- 
crease in its lethality. However the mechanism of action is poorly 
understood. A specific effect on the pancreatic microcirculation 


_ generally has not been documented and differentiation from un- 


specific improvement of pancreatic blood flew due to volume 
expansion has been difficult. This investigation was designed to 
quantify the effect of dextran on the impairment of pancreatic 
microcirculation during acute biliary pancreatitis by means of 
intravital microscopy. Dextran 60 (Dx 60, molecular weight 
60,000) was chosen in light of the increase in vascular perme- 
ability in the early stage of pancreatitis as demonstrated previ- 
ously in the same model. Isovolemic hemodilution, i.e., exchange 
of whole blood for Dx 60 was used as a mode of administration 
to achieve instantaneous onset of therapy without changes in 
intravascular volume. In the control group a progressive reduction 
of pancreatic capillary perfusion commenced 30 minutes after 
induction of acute pancreatitis, resulting in cessation of nutritive 
tissue perfusion after 3 hours. In the animals subjected to he- 
modilution, stabilization of the pancreatic microcirculation was 
accomplished throughout the observation period of 6 hours. Be- 
cause volume-related effects could be excluded by the protocol 
and by monitoring central venous pressure and hematocrit, a 
specific effect of hemodilution with DX 60 on the pancreatic 


microcirculation is indicated by our results. 
| of pancreatic perfusion in the course of hemor- 
rhagic pancreatitis. f Hypovolemia due to fluid 
sequestration has been advocated as the primary mech- 
anism of pancreatic ischemia.’ Others have demonstrated 
that pancreatic blood flow decreases in disproportion as 
compared to the reduction of cardiac output after exper- 
imental pancreatitis.'*® By means of intravital microscopy 
a progressive reduction of pancreatic capillary perfusion 
was detected 30 minutes after induction of biliary pan- 
creatitis, thus resulting in non-nutritional (shunt) perfu- 
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sion of the pancreas in the presence of stable central he- 
modynamics.? In the treatment of acute pancreatitis var- 
ious fluids have been investigated concerning their 
capability to correct intravascular volume”*!° and/or to 
improve pancreatic microcirculation.!!!* The beneficial 
effect of dextrans on pancreatic blood flow in acute pan- 
creatitis has been ascribed to volume expansion and their 
antithrombotic properties. !° 

The present study was performed to investigate the ef- 
fect of isovolemic hemodilution with dextran 60 on pan- 
creatic microvascular perfusion during acute biliary pan- 
creatitis. 


Materials and Methods 
Model 


Eighteen New Zealand white rabbits, weighing 950 to 
2200 g (age, 9 to 14 weeks) were used in this study. They 
were given water ad libitum, but food was withheld for 
24 hours before the experiment. Anesthesia was induced 
with sodium pentobarbital (Nembutal(R), Ceva, Bad 
Segeberg, FRG) at 20 mg/kg intravenously, and ketamine 
(Ketanest(R), Parke, Davis & Co., Berlin, FRG) at 25 
mg/kg intramuscularly. Anesthesia was maintained by 
continuous intravenous infusion of sodium pentobarbital 
(8.5 mg/kg/hour). The methods have been described re- 
cently in detail? and are summarized here only briefly. 
After placement of teflon catheters into the right external 
jugular vein and into the right carotid artery, the duodenal 
loop was gently exposed together with the intramesenter- 
ically located pancreas via a right lateral laparotomy and 
immobilized on a plexiglas stage. A teflon catheter was 
inserted distally into the pancreatic duct. Tracheotomy 
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was performed to guarantee free airways; the animals 
spontaneously breathed room air at all times. Once the 
preparation was completed, the experimental animals 
were allowed to stabilize for 30 minutes. Animals were 
excluded from the study when traumato the preparation 


was diagnosed by criteria that have been previously de-. 


scribed.? 

Acute pancreatitis was induced by retrograde injection 
into the pancreatic duct via a teflon catheter of 0.8 mL/ 
kg of a mixture of 5% sodium taurocholate (taurocholic 
acid, sodium salt, Calbiochem, La Jolla, CA) in saline, 
24 U/mL of crystalline trypsin (trypsin from bovine pan- 
creas, Serva, Heidelberg, FRG), and 30 uL of autologous 
blood per mL. After incubation at 37.5 C for 1 hour, the 
mixture was administered by an infusion pump at a max- 
imum pressure of 40 + 9 mmHg during 6 to 7 minutes. 

Continuous recording of mean arterial pressure (MAP), 
central venous pressure (CVP), and heart rate (HR) was 
performed. Arterial blood samples were taken at the fol- 
lowing intervals: after insertion of the catheters, at the 
end of the stabilization period, 30 minutes, 1 hour, and 
3 hours after induction of the pancreatitis, and at the end 
of the observation period for the determination of serum 


amylase (enzymatic colorimetric assay, Boehringer 


Mannheim, FRG), hematocrit, and blood gases. In ad- 
dition hematocrit and blood gases only were measured at 
2,4 and 5 hours. The volume of each sample (maximum, 
2 mL) was immediately replaced by Ringer’s solution 


‘(group 1, 4 mL) or dextran 60 (group 2, 2 mL). Fluid 


losses were replaced by Ringer’s solution to maintain he- 
matocrit and CVP at a constant level. For the period of 
2.5 hours after hemodilution in group 2, dextran 60 was 
used instead. During this time interval the main fluid loss 
due to pancreatic exudate was evidenced and substitution 
by Ringer’s solution would have resulted in a progressive 
reduction of the intravascular concentration of Dx 60 early 
after hemodilution. The physiologic blood pH was main- 
tained by intravenous administration of sodium bicar- 
bonate. 


Hemoedilution 


To reduce the arterial hematocrit by 25% of the initial 
value isovolemic hemodilution was performed by the ex- 
change of 8 + 0.96 mL/kg of whole blood for the identical 
volume of dextran 60 (Macrodex 6%, Schiwa, Glandorf, 
FRG) in steps of 2 mL. During the procedure MAP and 
HR were monitored continuously. 


Analysis of the Microcirculation 


To improve the contrast between the capillary wall, the 
adjacent tissue, and the blood cells, 50 mg/kg of 5% FITC 
Dextran 70 (Pharmacia, Uppsala, Sweden) in saline was 
given intravenously to facilitate fluorescent microscopy. 
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Video recordings of intravital microscopy were obtained 
from selected areas measuring 361 X 241 um. These re- 
gions were identified within the exteriorized pancreas on 
the basis of tissue transparency and visibility of the cap- 
illary network in the periphery of the pancreatic lobules 
and used for analysis throughout the study. Areas devel- 
oping hemorrhage immediately at the induction of pan- 
creatitis were excluded from further observation. In both 
experimental groups the number of perfused capillaries 
per observation site was assessed before as well as 15 and 
30 minutes after induction of the pancreatitis, and every 
30 minutes thereafter until the end of the observation 
period. 


Experimental Design 


At the beginning of each experiment the animals were 
randomly allocated to two groups: group 1: control (n 
= 10, observation sites n = 16, induction of biliary pan- 
creatitis, observation period of 5 hours [cessation of cap- 
illary flow at 4.5 hours]); and group 2: n = 8, observation 
sites n = 15; isovolemic hemodilution 30 minutes after 
induction of biliary pancreatitis observation period of 6 
hours. 


Statistics 


All parameters were tested for normal distribution. Sig- 
nificance between the groups was assessed by the unpaired 
t test. Analysis of the changes from baseline values in each 
group of animals used the paired t test. All results are 
expressed as mean + standard deviation. 


Results 


Macrohemodynamics and Serum Amylase 


Mean arterial pressure ranged from 76 + 11 mm Hg 
to 67 + 11 mmHg in the control group, and from 79 + 10 
to 69 + 10 mmHg in the animals subjected to hemodi- 
lution throughout the observation period (Fig. 1). The 
central venous pressure was kept stable in both groups 
during the whole experiment, the baseline being higher 
in the control group (Fig. 1). To maintain the initial he- 
matocrit (Fig. 2) 6.2 + 3 mL/kg/hour of Ringer’s solution 
were required in group 1, and 6.4 + 1.5 mL/kg/hour in 
group 2. In the hemodiluted animals dextran 60 was ad- 
ministered exclusively as volume substitute (2.8 + 0.9 
mL/kg/hour) during 2.5 hours after hemodilution. Iden- 
tical amounts of sodium bicarbonate (0.7 mL/kg/hour) 


' were needed in both groups to control the blood pH. 


The serum amylase level increased from similar baseline 
levels (400 + 116 U/L in group ! vs. 410 + 102 U/L in 
group 2) in -both groups starting 30 minutes after the in- 
duction of pancreatitis with a significantly lower peak 
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_ Fic. 2. Hematocrit was reduced by isovolemic hemodilution (HD) 30 minutes after induction of pancreatitis in group 2, while unchanged in the 
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value in group | (268% + 86% of baseline) as compared 
to the hemodiluted animals (461% + 186%) (Fig. 2). 


. Effects of Hemodilution in Group 2 


The mean arterial blood pressure (72 + 9 mmHg) was 
not altered by isovolemic hemodilution (72 + 9 mmHg). 
Also the central venous pressure remained stable during 
the exchange procedure (before, 0.3 + 1.2 mmHg; after, 
0.3 + 0.5 mmHg). As planned the initial systemic he- 
matocrit (38% + 1.7%) was reduced by hemodilution to 
28.5% + 2.5%. As a result of hemoconcentration asso- 
ciated with the induction of pancreatitis the hematocrit 
was 31.5 + 4.6 30 minutes after hemodilution and de- 
creased to the intended level within the following 30 min- 
utes by additional intravenous administration of dextran 
60 (Fig. 2). 


Microcirculatory Changes 


Within 3 minutes of induction of acute pancreatitis, 
leakage of the macromolecular plasma tracer (FITC-Dex- 
tran) from the microvasculature into the interstitial tissue 
was observed in both groups. Starting 30 minutes after 
induction of pancreatitis, individual capillaries were suc- 
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cessively excluded from perfusion in the control group 
with only single capillaries remaining with flow for more 
than 3 hours. At 4.5 hours blood passed exclusively 
through preferential pathways (diameter 9.2 + 1.5 p) lo- 
cated at the periphery of the pancreatic lobules and in- 
dicating shunt perfusion. After hemodilution in group 2, 
90% of the capillaries remained perfused for 210 minutes 
after induction of pancreatitis, with a gradual decline 
thereafter. At 6 hours 58% + 33% of the capillaries dis- 
played blood flow (Fig. 3). 


Discussion 


Pancreatic blood flow has been documented as a main 
determinant in the outcome of acute pancreatitis.!* Tran- 
sition of pancreatic edema to hemorrhagic necrosis was 
precipitated by temporary occlusion of the pancreatic ar- 
terial supply.'* Venous obstruction superimposed on 
edema led to the development of hemorrhagic pancre- 
atitis.'> Pfeffer!® emphasized the importance of pancreatic 
microcirculation by obstructing intrapancreatic arteries 
of different sizes. Necrotizing pancreatitis was induced by 
intra-arterial injection of small microspheres (diameter, 
8 to 20 yw), thus obstructing functional end arteries, 
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Fic. 3. Number of perfused capillaries per observation site expressed as percentage of initial value. Stabilization of capillary flow by isovolemic 
hemodilution (HD) 30 minutes after induction of pancreatitis (CQ). Progressive reduction of microvessel perfusion in the untreated control group. 
Numter of observation sites: hemodilution n = 15, control n = 16. Number of investigated capillaries: hemodilution n = 642, control n = 806. 
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whereas larger particles produced interstitial edema only. 
In addition there has been clinical evidence that ischemia 
plays a major role in the development of pancreatic injury. 
Autopsy examination of patients dying after oligemic 
shock showed a significantly higher incidence of acute 
pancreatitis, pancreatic necrosis, or abscesses in the pres- 
ence of acute renal tubular necrosis, reflecting the severity 
of shock as compared to patients without concomitant 
renal changes.!’ 

Different techniques have been applied to characterize 
changes of the pancreatic microcirculation during acute 
pancreatitis. A reduction of pancreatic blood flow could 
be demonstrated by the rubidium &86-clearance tech- 
nique.” After injection of polymerizing agents into the 
pancreaticoduodenal artery, a constriction of arterioles 
was seen 3 hours after induction of biliary pancreatitis. !® 
Anderson!*!? demonstrated local capillary congestion and 
marked reduction of arterial flow in areas of hemorrhagic 
pancreatitis by arterial injection of India ink. Subsequently 
the finding of reduced pancreatic blood flow was further 
substantiated by monitoring of flow by means of electro- 
magnetic flow meters® and radioactive microspheres, re- 
spectively.!* Recently we have quantified the pancreatic 
microvascular perfusion by intravital microscopy and 
have demonstrated a progressive decrease in nutritive tis- 
sue perfusion commencing 30 minutes after the induction 
of acute biliary pancreatitis.’ 

It has long been recognized that adequate volume re- 
placement plays a key role in the clinical treatment of 
severe pancreatitis.” Many experimental studies have 
been performed, most of which compare the effects of 
colloid-containing fluids or plasma to those of saline (Ta- 
ble 1). However, with the considerable difference in 
amount and time of volume substitution, the beginning 
of therapy with respect to the induction of pancreatitis, 
as well as the length of the observation period, direct com- 
parisons cannot be made readily. Furthermore in some 
of the studies the volume of the various fluids used for 
resuscitation was added to the basic infusion regimen ad- 
ministered in the control group or failed to compensate 
for the difference in oncotic pressure of the col- 
loid.®:!1:242225 To exclude differences in compartment 
distribution and rheologic properties of colloids and cris- 
talloids, Knol et al.? confined their investigations to a 
comparison of lactated Ringer’s solution given at infusion 
rates of 6.5 and 1.75 mL/kg/hour, respectively, over a 
period of 4 hours after induction of pancreatitis. In the 
animals receiving low-volume fluid therapy, pancreatic 
microcirculation was markedly impaired as assessed by 
radioactive microspheres in parallel with a drop in central 
venous pressure. However, despite comparable central 
hemodynamics, pancreatic blood flow also decreased to 
a statistically significant degree in the group subjected to 
the high-volume therapy as compared to the control group 
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without pancreatitis. In a similar study pancreatic per- 
fusion could be stabilized by Ringer’s solution; however 
only at volumes that are clinically irrelevant (67 mL/kg/ 
hour).’ In this situation hemodilution may be regarded 
as the main mechanism of protection. These results sug- 
gest that the development of pancreatic ischemia in acute 
pancreatitis cannot be prevented by exclusively substi- 
tuting intravascular volume with cristalloids. 

A beneficial effect of Dx 40 and Dx 60/70 in the treat- 
ment of acute pancreatitis has often been demonstrated 


- (Table 1) and has been ascribed to the plasma-expanding 


and antithrombotic effects of both solutions.*°*? There 
are, however, conflicting results concerning the efficacy 
with regard to the difference in average molecular weight. 
Anderson and Lewis'! failed to demonstrate an improve- 
ment in survival when dextran 40 was administered in 
contrast to dextran 75, and they concluded that this dif- 
ference was due to the low molecular weight of Dx 40, 
resulting in extravasation of dextran molecules and con- 
secutive enhancement of fluid sequestration within the 
interstitial space. However, in these authors’ model, in- 
duction of biliary pancreatitis was combined with venous 
outflow obstruction, which makes comparison to other 
studies difficult. Conversely, in the study of Wright and 
Goodhead”” on mortality in experimental acute pancre- 
atitis, dextran 40 was found to be superior to dextran 75 
and even more to plasma. In all but one!? experimental 
protocols assessing the effect of dextrans on pancreatic 
blood flow in acute pancreatitis Dx 40 was used. Even if 
administered 60 minutes after the induction of pancre- 
atitis, stabilization of pancreatic blood flow® and oxygen 

consumption” was registered in contrast to cristalloids. 
Because no significant difference in cardiac output was 
demonstrated between the two groups, a specific effect of 
Dx 40 on the pancreatic microcirculation was suggested. 
Avoiding plasma expansion by exchanging Dx 40 versus 
whole blood (1.5 mL/kg/hour), Becker”? further substan- 


` tiated this finding. In contrast Knol* was unable to show 


a significant effect of Dx 40 (1.5 mL/kg/hour) given in 
combination with Ringer’s solution (5 mL/kg/hour) nei- 
ther on blood pressure, central venous pressure, and car- 
diac index, nor on pancreatic blood flow and pancreatic 
oxygen consumption when compared to Ringer’s solution 
alone (6.5 mL/kg/hour). Although Lehtola!’ administered 
cristalloids at a very high infusion rate in the control group 
(Table 1), pancreatic blood flow decreased as a part of 
general splanchnic hypoperfusion. He concluded that Dx 
70, preventing these changes, exerts its action by volume 
correction alone without specific effect on the pancreatic 
microcirculation. Hence the effect of dextrans on the im- 
paired pancreatic perfusion during acute pancreatitis re- 
mains controversial. 

In the present study quantitative assessment of the 
pancreatic microcirculation was performed by means of 
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intravital microscopy, thus allowing for direct and con- 
tinuous observation of the microvascular network 
throughout the experimental period. The stability of the 
preparation and the characteristics ‘of ncrmal pancreatic 
microcirculation have been described before.’ On induc- 
tion of pancreatitis, an instantaneous increase in vascular 
permeability was demonstrated by the leakage of the 
macromolecular plasma tracer (FITC-dextran 70) into the 
interstitial tissue in both groups. In the control group cap- 
illary blood flow was progressively reduced beginning 30 
minutes after induction of acute pancreatitis with only 
single capillaries remaining perfused after 3 hours. At the 
same time there was constant flow via preferential path- 
ways, representing a decrease in nutritive tissue perfu- 
sion.*” In contrast, in the animals subjected to isovolemic 
hemodilution 30 minutes after induction of pancreatitis, 
perfusion was sustained in 58% of the capillaries for the 
entire period of 6 hours. In both groups fluid administra- 
tion was titrated to maintain central venous pressure and 
hematocrit to avoid nonspecific hemodynamic effects due 
to changes in intravascular volume. 

Intentional normovolemic hemodilution as induced by 
isovolemic exchange of whole blood with colloid solutions 
is a recognized therapeutic measure in the treatment of 
microcirculatory disorders in ischemic diseases.>!~*? After 
normovolemic hemodilution, characteristic hemody- 
namic changes in the macrocirculation, as well as micro- 
circulation, are induced by the improvement of blood 
fluidity.” >?” As a result the acute reduction of red cell 
concentration and thereby oxygen capacity of the arterial 
blood is compensated for by an increase in cardiac output 
and organ blood flow.°® Oxygen supply is basically main- 
‘tained during hemodilution due to increased red cell ve- 
locity in the microvessels? and through the enhancement 
of flow motion in the capillaries. By means of measure- 
ments of local tissue pO2 in various organs, including the 
pancreas, adequate tissue oxygenation has been demon- 
strated during normovolemic hemodilution at hematocrits 
as low as 20%.*' In the present study isovolemic hemo- 
dilution was aimed to lower the systemic hematocrit to 
28% to 30% because this range is considered the optimal 
compromise between fluidity and oxygen content of the 
blood.*? Among the available colloids, dextran 60/70 
seems particularly suitable in acute pancreatitis due to its 
molecular weight and the well-documented antithrom- 
botic properties." The increase in vascular permeability 
on induction of acute biliary pancreatitis, which was en- 
countered in our study and before by Sanfey,*° gives rise 
to systemic hemoconcentration. In addition trypsin has 
been shown .to cause direct injury to the vessel wall in 
acute pancreatitis.4”** Low flow conditions in conjunction 
with epithelial damage may initiate intravascular coagu- 
lation, as evidenced by electron microscopy.” Further- 
more recently it has been demonstrated that postischemic 
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leucocyte—endothelium interaction in the skeletal muscle 
can be prevented by prophylactic hemodilution with Dx 
60,>° thus supporting our previous findings in the pancreas 
based on electron microscopy.”! In maintaining local or- 
gan perfusion, clearance of inflammatory mediators from 
the pancreas such as complement,’ histamine,’ and 
prostaglandins” is facilitated. In previous studies dextran 
was administered as a continuous infusion, whereby the 
therapeutic effect was inevitably delayed (Table 1). Be- 
cause microcirculatory impairment takes place within 3 
hours after the induction of acute pancreatitis, isovolemic 
hemodilution that allows for instantaneous reduction of 
blood viscosity 1s considered the therapy of choice. With 
this technique the nonspecific effect of volume expansion, 
which has made the interpretation of historic studies dif- 
ficult, is reliably avoided. In our study hemodilution was 
performed 30 minutes after induction of acute biliary 
pancreatitis because the progressive decrease of pancreatic 
capillary perfusion starts in untreated animals at this 
time.? Using a similar model of biliary pancreatitis, 
Lankisch?? demonstrated the presence of edema and pan- 
creatic necrosis as early as 5 minutes after the induction 
and concluded that the early onset of therapy is acceptable 
in experimental biliary pancreatitis due to the different 
time course compared to the clinical situation. 

Acute biliary pancreatitis 1s characterized by a pro- 
gressive impairment of pancreatic microcirculation start- 
ing 30 minutes after induction. Nutritive tissue perfusion 
can be maintained by isovolemic hemodilution exchang- 
ing whole blood for dextran 60. Hemodilution represents 
an efficient and rapid method to improve blood fluidity 
without affecting intravascular volume. The reduction of 
blood viscosity is considered the main therapeutic mech- 
anism. In addition Dx60 seems especially appropriate due 
to antithrombotic properties and with regard to the in- 
crease in vascular permeability. The long-term effect of 
isovolemic hemodilution in acute pancreatitis with respect 
to the pancreatic microcirculation, as well as to histologic 
changes, is the object of further studies. 
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Choledochoscopy 


A Cost-minimization Analysis 





DAVID M. NAGORNEY, M.D., and JOSEPH L. LOHMULLER, M.D. 


Although choledochoscopy for the prevention of retained bile 
duct stones has been postulated as cost effective, no economic 
evaluation exists to substantiate this claim. We performed a 
cost-minimization analysis on 287 patients who underwent cho- 
ledochoscopy during operations for biliary tract calculi between 
1981 and 1987 to assess the economic impact of choledochoscopy 
versus noncholedochoscopic alternatives in obtaining a stone- 
free duct. Common duct exploration was positive for calculi in 
75% of patients. Choledochoscopy detected residual stones after 
duct exploration in 10% of patients. Residual stones were more 
frequent after positive (12.5%) than negative (2.7%) duct explo- 
rations. Retained stones occurred in 4.5% of patients after op- 
eration. Sensitivity, specificity, and negative predictive values of 
choledochoscopy were 67%, 100%, and 95%, respectively. Cost- 
minimization analysis showed that total cost of either selective 
: ($75,250) or routine ($110,450) choledochoscopy significantly 
exceeded the total cost of obtaining a stone-free duct for patients 
‘” with retained stones via either extraction through a T-tube tract 
($17,545) or by endoscopic papillotomy ($45,675). Because cho- 
ledochoscopy was not economically competitive with nonchole- 
dochoscopic, nonoperative alternatives, reduction of choledo- 
choscopy fees was implemented to economically justify continued 
use of choledochoscopy. We conclude tha! choledochoscopy is 
clinically efficacious in obtaining a stone-free duct, but endorse- 
ment of either routine or selective choledochoscopy by cost-min- 
imization analysis requires careful assessment of fee structure 
to make choledochoscopy competitive economically. 


NTRAOPERATIVE CHOLEDOCHOSCOPY HAS become 

a widely accepted adjunct to common duct explo- 

ration. Its value in the detection and extraction of 
unsuspected bile duct calculi,'"'* reduction of retained 
calcul’? and localization and biopsy of bile duct 
neoplasms'*'® has been proved. Fu-thermore choledo- 
choscopy potentially may reduce the average operating 
time of common duct exploration by expediting calculi 
retrieval and, if accurate, by eliminating postexploratory 
intraoperative cholangiography. Despite these benefits, it 
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is unclear whether choledochoscopy should be used as a 
routine adjunct to common duct exploration. To advocate 
routine choledochoscopy, a high diagnostic accuracy and 
clinical utility must be ‘consistently attainable and cost 
effective. Although diagnostic accuracy of choledochos- 
copy after standard bile duct exploration has been dem- 
onstrated," no cost analysis has been reported. Indeed, 


although choledochoscopy has been postulated as cost 


effective®’° and economically justifiable,'' actual analysis 


of its economic impact is strikingly absent. To evaluate 
choledochoscopy as a routine adjunct to common duct 
exploration, a procedural cost-minimization analysis of 
choledochoscopy was performed ‘based on the results of 
a recent experience. ` Š 


Patients and Methods 
The records of all patients undergoing choledochoscopy 
during operations for calculus disease of the bile ducts or 
gallbladder at the Mayo Clinic-affiliated hospitals between 


. July 1981 and December 1987 were reviewed. Patients 


who had choledochoscopy aborted during operation be- 
cause of technical problems due to common duct size or 
equipment malfunction were excluded. Choledochoscopy 
was performed with either a Storz rigid or an ACMI flex- 
ible choledochoscope (American Hospital Supply Corp., 


Stanford, CA): Choice of scope was determined by the — 


preference of the operating surgeon. Choledochoscopy was 
preceded by a standard common duct exploration. After 
a vertical choledochotomy, scoops or stone forceps were 
inserted into the common duct to remove stones. The 
common duct was then lavaged liberally with warm 0.9M 
sodium chloride solution to remove any residual stones 
or debris. After duct exploration, choledochoscopy was 
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performed. Although the extent of the ductal visualization 
was generally greater for flexible than for rigid choledo- 
choscopy due to instrument differences, choledochoscopy 
was considered technically successful if the operative re- 
cords stated that the extrahepatic bile duct was visualized 
completely. Passage of the scope through the ampulla into 
the duodenum was not routinely done. Choledochoscopy 
was concluded when the visualized ductal system was 
judged free of stones. Unsuspected stones were defined as 
those stones identified during operation by choledochos- 
copy after standard common duct exploration. Retained 
stones were defined as stones identified after operation by 
cholangiography. . 

Patient demographic data, type of choledochoscope, 
operative procedure, indications for common duct explo- 
ration, operative, choledochoscopic, and postoperative 
cholangiographic findings, and morbidity and mortality 
rates were recorded. Cost analysis was based on our 1989 
charge for operative choledochoscopy ($350), stone ex- 
traction through a T-tube tract ($605), and endoscopic 
papillotomy ($1575), although procedure costs escalated 
during the study period. Procedural costs included the 


_ physician’s fee. The sensitivity, specificity, and positive 


and negative predictive values of choledochoscopy were 
defined as shown in Table |. The calculations of sensitivity 
and positive predictive value assumed that all unsuspected 
stones (a) would have been identified on postoperative 
cholangiography as retained stones. 


Results 

Choledochoscopy was performed successfully in 287 
patients. There were 122 men (43%) and 165 women 
(57%). The mean age and age range of men (66; 24 to 90 
years) and women (60; 20 to 92 years) were similar. 

The indications for common duct exploration are listed 
in Table 2: An operative cholangiogram preceded com- 
mon duct exploration in 244 patients. Common duct ex- 
ploration was positive for calculi in 215 patients (75%). 
Additional bile duct pathology included strictures in eight 
patients and bile duct cysts in two patients. 

Overall choledochoscopy detected unsuspected stones 
after common duct exploration in 29 patients (10.1%). 


TABLE 1. Method for Calculating Specificity, Sensitivity, and 
Predictive Value of Choledochoscopy 


Postoperative 
Cholangiography: ` 
Choledochoscopy Positive Negative ' Total 
Positive a b atb 
Negative C d c+d 
Total a+c 


b +'d 


Sensitivity, a/a + c; specificity, b/b + d. 


Positive predictive value = a/a + b; negative predictive value = o/c | 


+ d, where “a” represents unsuspected stones and “c” represents retained 
stones. 
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TABLE 2. Primary Indications for Common Bile Duct Exploration 


Indication Patients 
Operative Cholangiogram 
Stone(s) m 195 
Large duct >10 mm 14 
Ampullary obstruction 6 
Ampullary distention 4 
Stone vs. debris 5 
Indeterminate cholangiogram with clinical suspicion 6 
Negative eee 14 
Total os 244 
Stones by preoperative ERCP 9 
Stones by preoperative THC 2: 
Palpable stone at operation g 
Clinical criteria alone* l 24 


Total 287 


* Clinical criteria included jaundice, history of pancreatitis, dilated 
common duct, cystic duct size, or debris. 


Choledochoscopy was positive in 27 patients in whom 
common duct exploration was positive for calculi and in 
two patients in whom common duct exploration was neg- 
ative, Thus unsuspected stones were detected significantly 
more often in patients with positive than negative com- 
mon duct exploration (12.5% vs. 2.7%, respectively, p 
< 0.02). Retained common duct stones were detected after 
operation by cholangiography in 14 patients (4.5%). Post- 
operative cholangiography was performed in 93% of the 
patients. Cholangiography was not performed in 18 pa- 
tients after choledochoduodenostomy and in two patients 
after Roux-Y choledochojejunostomy. The relationship 
of biliary pathology to bile duct calculi, unsuspected 
stones, and retained stones is shown in Table 3. 

Flexible choledochoscopy was used in 170 (59%) pa- 
tients, rigid choledochoscopy in 95 (33%) patients, both 
flexible and rigid in two (0.7%) cases, and the type of 
scope was. indeterminate in 20 (7%). Unsuspected stone 
rate was 10.6% for flexible (18 of 170) and 9.4% for rigid 
(9 of 95) choledochoscopies. In patients in whom the type 
of scope could not be ascertained, 10% (2 of 20) had un- 
suspected stones. 

Retained stones were detected in 14 patients. Flexible 
choledochoscopy was used in 9 patients, rigid choledo- 
choscopy in 2, and scope type was indeterminate in 3. All 
patients with retained stones had had a positive common 
duct exploration. Five of 14 (36%) patients with retained 
stones also had unsuspected stones at duct exploration. 
Three of these 14 patients had had cholecystectomy at 
the time of the common duct exploration. Two had a 
choledochoduodenostomy done at the time of the com- 
mon duct exploration because of recurrent common bile 
duct stones, and one had a left hepatectomy for intrahe- 
patic stones and hepatic abscess. 

The disposition of the 14 patients with retained stones 
was variable. In six patients retained stones were extracted 
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TABLE 3. Relationship of Biliary Tract Pathology, Ductal Stones, and Unsuspected and Retained Stone Rate 


356 - 
Pathology Total Pts. 
Chronic cholecystitis 187 
Acute cholecystitis 60 
Choledocholithiasis PC/BD 32 
Hepaticolithiasis 5 
Choledochal cysts 2 
Primary sclerosing cholangitis 1 
Total 287 


via the T-tube tract. In one patient the stone actually con- 
sisted of mucous debris that was aspirated through the T 
tube. In one patient an asymptomatic stone was left in 
situ, anticipating spontaneous passage through a chole- 
dochoduodenostomy. In the remaining six patients no 
intervention was needed because these retained stones 
passed spontaneously without precipitating symptoms 
during the interval of T-tube tract maturation as docu- 
mented by subsequent T-tube cholangiography. 

The diagnostic discrimination of both rigid and flexible 
choledochoscopy is shown in Table 4. The sensitivity of 
choledochoscopy, that is the number of patients with un- 
suspected stones divided by the number of patients with 
unsuspected plus retained stones, was greater for rigid than 
for flexible choledochoscopy. The specificity and positive 
predictive value of both rigid and flexible choledochoscopy 
was 100% because there were no false-positive findings 
on choledochoscopy. Importantly the predictive value of 
a negative flexible and rigid choledochoscopy was 94% 
and 98%, respectively. 

Two patients died after operation (mortality rate was 
less than 1%). The cause of death in both patients was 
delayed multiorgan failure from abdominal sepsis after 
‘cholecystectomy and common duct exploration for acute 
cholecystitis with cholelithiasis. Thirty patients encoun- 
tered postoperative morbidity (10.4%). There were nine 
minor and 21 major complications, which are detailed in 
Table .5. No patient had a complication directly attrib- 
utable to choledochoscopy. Although seven patients had 
distal common bile duct irregularities identified on post- 
operative cholangiography that may have resulted from 
choledochoscopy, these cholangiographic findings. were 

not clinically significant. 


TABLE 4. Diagnostic Discrimination of Chcledochoscopy (%) 


Predictive Value 


Type of 
Choledochoscopy Sensitivity Specificity Positive Negative 
Total 67 100 100 95 
Rigid 82 100 100 98 
Flexible 67 100 100 94 


Ductal Stones Unsuspected Retained 
(%) Stones (%) Stones (%) 
129 (69.0) 13 (7.0) 5 3.6) 
49 (81.7) 5 (8.3) 4 (6.7) 
29 (90.6) 5 (15.6) 2 (6.3) 
5 (100) 4 (80) 1 (20) 
2 (100) 2 (100) 2 (100) 
1 (100) 0 0 


The cost of choledochoscopy based on procedure fee 
and the clinical findings of this study are shown in Table 
6. The cost of routine choledochoscopy was based on the 
total number of patients and selective choledochoscopy 
on only those patients with common duct calculi found 
on common bile duct exploration. Although all retained 
stones were extracted through the T-tube tract or passed 
spontaneously in this study, the cost of endoscopic pap- 
illotomy was included to compare the current, most ex- 
pensive nonoperative alternative for the treatment of re- 
tained stones. The treatment cost of retained stones was 
added to the cost of choledochoscopy because of its ad- 


_verse financial impact, i.e., additional treatment cost to 


compensate for a failed diagnostic procedure. The cost of 
retrieving all unsuspected stones, if left in situ, was cal- 
culated for both T-tube extraction and endoscopic pap- 
illotomy to provide a cost comparison of treatment al- 
ternatives if choledochoscopy had been completely with- 
held, which is inherent in the cost-minimization analysis 


TABLE 5. Postoperative Mortality and Morbidity Rates 


Complication Patients 





Deaths 


Multiple organ failure with Sepsis 2 (0.7%) 


Minor 
Wound infection 
Urinary tract infection 


m OO 


Major 
Pancreatitis 
Pneumonia 
Major arrhythmias 
Myocardial infarction 
Bile leak/subhepatic abscess 
Subphrenic abscess 
Wound dehiscence 
Pancreatic fistula/abscess 
Congestive heart failure 
Severe bleeding requiring reoperation 
Prolonged respiratory insufficiency 
Subcapsular hematoma requiring reoperation 
Renal failure with sepsis 
Pulmonary embolus 


Total 


Pmt Pert ere pot Meet pee pet eet OD RS > te 


30 (10.4%) 
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TABLE 6. Cost-minimization Analysis of Choledochoscopy 


Treatment Scenario Cost ($) 
Routine choledochoscopy ($350) 
Total cost (287 pts.) 100,450 
Cost per unsuspected stone (29 pts.) 3464 
Total cost if all retained stones (14 pts.) 
removed via T-tube tract* 108,920 
removed via endoscopic papillotomyt 122,450 
Selective choledochoscopy 
Total cost (215 pts.) 75,250 
Cost per unsuspected stone (27 pts.) 2787 
Total cost if all retained stones (16 pts.) 
removed via T-tube tract* 84,930 
removed via endoscopic papillotomyt 100,450 
No choledochoscopy (287 pts.) 
Total cost—T-tube tract extraction (29 pts.)* 17,545 
Total cost—endoscopic papillotomy (29 pts.)t 45,675 


* 1989 cost for T-tube tract extraction: $605. 
+ 1989 cost for endoscopic papillotomy: $1575. 


design. Cost-minimization analysis does not account for 
added expenses such as extended hospitalization as a result 
of retained stones or related complications, further di- 
agnostic studies such as T-tube cholangiograms, absence 
from employment, and travel and lodging expenses. 


Discussion 


Choledochoscopy as an adjunct to common bile duct 
exploration developed as an intraoperative aid to reduce 
the incidence of retained stones during the 1960s and 
1970s with the concurrent refinement of fiberoptics.’ In 
fact choledochoscopy evolved as a diagnostic tool to elim- 
inate a major cause of reoperative biliary tract surgery 
(retained stones) which, at that time, was approachable 
only by reoperation. The clinical and economic advan- 
tages were self evident. Many studies have confirmed the 
value of choledochoscopy for the identification of unsus- 
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pected stones and other intraductal pathology and, con- 
sequently, routine use during common duct exploration 
has been advocated. Interestingly, because the diagnostic 
efficacy of choledochoscopy has been widely accepted, 
cost-effectiveness has been assumed. However no study 
has focused on the economic impact of choledochoscopy. 
Furthermore, because choledochoscopy predated the de- 
velopment of effective nonoperative alternatives such as 
stone extraction through a T-tube tract or by endoscopic 
sphincterotomy, the question of its economic value in the 
current climate of cost containment remains unclear. 

Our findings further confirm the clinical value for cho- 
ledochoscopy in the diagnosis of unsuspected stones. De- 
tection of unsuspected stones in 10% of our patients after 
standard bile duct exploration is similar to other large 
experiences with choledochoscopy (Table 7). These data 
emphasize that choledochoscopy is consistently produc- 
tive regardless of institution. The detection rate of un- 
suspected stones did not differ between flexible and rigid 
choledochoscopy (10.6% versus 9.4%) and the diagnostic 
accuracy of choledochoscopy, i.e., sensitivity, specificity, 
and negative predictive value, has remained high. Only 
2.7% of our patients had unsuspected stones after negative 
duct exploration, compared to 12.5% of patients after 
positive bile duct exploration. The disparity in the detec- 
tion rate of unsuspected stones between negative and pos- 
itive common duct exploration has been recognized pre- 
viously by Rattner and Warshaw.’ These findings support 
a role for selective choledochoscopy in patients with only 
positive common duct exploration. Finally the rate of re- 
tained stones or false-negative choledochoscopy was low 
and did not significantly differ from that of other series. 
These findings attest to the clinical efficacy of choledo- 
choscopy. 

We used cost-minimization analysis as the method of 
economic evaluation in this study. This method requires 
a discrete outcome of interest, that is a stone-free bile 


TABLE 7. Unsuspected and Retained Stone Rates with Choledochoscopy—Selective Literature Review 


Scope 
Author Year Flexible/Rigid 

Nora et al.! 1977 R 
Kappas et al.’ 1979 R 
Feliciano et al.’ 1980 R 
Yap et al.4 1980 F 
Rattner/Warshaw° 1981 R 
Kappas et al.® 1981 R 
Chen et al.’ 1983 F 
Escat et al.® 1984 R 
Dayton et al.? 1984 R 
Escat et al.!° 1985 R 
Jakimowicz et al.!! 1986 F 
Markowitz et al.!* 1987 F 
Present series 1989 F&R 


—, Rate undefined. 


Unsuspected Retained 

Patients Stones (%) Stones (%) 
208 25 1.9 
121 18. 6.6 
140 14 8.9 
149 14 1.3 
144 24 4 
148 —~— 1.6 
339 24 4.4 
380 12 2 
121 mame 5.7 
44] 10 2 
320 7.1 1.6 
102 mm 0 
287 10.1 4.9 
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duct, which can be achieved using two or more alterna- 
tives. Choledochoscopy affords a stone-free duct by con- 
current detection of stones and removal during operation, 
while stone extraction through a T-tube tract or extraction 
by endoscopic papillotomy permits a similar goal after 
operation. Cost-minimization analysis simply seeks to 
determine the least expensive alternative that provides 
identical results.!?° 

Our study clearly showed that the overall procedural 
costs for routine choledochoscopy clearly exceeded that 
of either selective choledochoscopy or the nonoperative 
treatment alternatives for retained stones (Table 6). This 
difference persisted whether the calculations included the 
adverse financial impact of retained stones, i.e., false-neg- 
ative choledachoscopy. Given our current fee structure, 
these data suggest that routine choledochoscopy may not 
be justified economically. Furthermore routine use of a 
diagnostic procedure that is negative in nearly 90% of 
patients warrants more selective use on a procedural-cost 
basis alone. Indeed our data could be interpreted to suggest 
that routine or selective choledochoscopy are too expen- 
sive from an economic viewpoint and thus surgeons 
should accept a finite retained stone rate and treat with 
less expensive nonoperative methods after operation. 

How can an apparent paradox between clinical efficacy 
of choledochoscopy and economic inefficiency be re- 
solved? Translation of the clinical value of choledochos- 
copy into economic value is viewed d:fferently by patient, 
physician, and third party payor health care. The surgeon 
bears the responsibility of obtaining a stone-free duct and, 


therefore, of using a proved diagnostic tool to obtain this - 


goal. The patient, in essence, views choledochoscopy as 
biliary tract insurance to avert further biliary tract inter- 
vention. The third party health care payor wants safe, 
effective treatment at minimal dollar cost. Acceptance of 
a diagnostic procedure by the surgeon would seem rea- 
sonable if the cost of detecting an event in a patient did 
not greatly exceed procedural cost. In our study, however, 
the cost of detecting an unsuspected stone per patient was 
$3464, which greatly exceeded the procedural cost of $350. 
Selective choledochoscopy only partially compensates for 
this significant difference. Although the cost per patient 
for an unsuspected stone remains high, this figure is far 
less than the cost of a repeat common duct exploration 
and compulsory hospitalization, although not estimated 
herein. Thus choledochoscopy, as initially designed, re- 


mained competitive with its operative alternative. How- 


ever as seen in Table 6, this figure is not competitive with 
current nonoperative alternatives. ‘ 

The calculated difference in overall cost between cho- 
ledochoscopy versus other treatment alternatives is ob- 
viously dependent on the base fee for each respective pro- 
cedure. If the base fee of choledochascopy decreases or 

the fee for nonoperative alternatives of bile duct stone 
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extraction increases, cost differential would decrease or 
possibly reverse. Given the proved clinical utility of cho- 
ledochoscopy, the appropriate response by surgeons to 
the present cost disparity should not be to abandon the 
procedure, but rather reduce fees. To reasonably establish 
fees for choledochoscopy and make them competitive with 
nonoperative alternatives, fees can be estimated by mul- 
tiplying the expected percentage yield of unsuspected 
stones by choledochoscopy times the expected total cost 
of a similar number of patients treated by nonoperative 
alternatives. Therefore the appropriate reduction of cho- 
ledochoscopy fees should equal 10% (percentage of un- 
suspected stones detected by choledochoscopy herein) of 
the total fee of patients treated by T-tube or endoscopic 
stone extraction in our study population. This fee reduc- 
tion allows either routine or selective employment of cho- 
ledochoscopy at acceptable cost to both patient and health 
care provider and thereby economically supports use of 
the efficacious procedure by the surgeon. As a consequence 
of our recognition of the excessive cost differential between 
alternatives that evolved in our own practice, we have 
recommended and subsequently implemented a reduced 
fee for choledochoscopy based on this cost-minimization 
analysis (our current charge is $150). 

Several potential problems exist in this economic anal- 
ysis. The cost of all procedures escalated during the study 
period and the actual individual yearly fees were not in- 
corporated in our calculations. Because we used our 1989 
fee schedule, the differences in absolute procedural costs 
would have varied. However choledochoscopy fee esca- 
lated disproportionately to both nonoperative alternatives 
during the study period and, therefore, use of actual fees 
throughout the study period would not have changed our 
conclusion. In retrospect we found that escalated chole- 
dochoscopy fees paralleled fee changes for other institu- 
tional endoscopic procedures, but the increase for cho- 
ledochoscopy did not account for concurrent escalation 
of operative fees during the study period, thus yielding a 
disproportionate increase. The length of hospitalization 
and the cost of additional diagnostic tests incurred in the 
management of retained stones was also not considered. 
Furthermore time missed from work and travel and lodg- 
ing expense for the patients with retained stones were not 
accounted for in our analysis. Given the economic com- 
plexities of these variables, we limited our study to a cost- 
minimization analysis considering only alternative ap- ` 
proaches in achieving a stone-free duct. Other economic 
models are required to assess these other factors. Our 
findings support either routine or selective choledochos- 
copy on a procedural-fee basis if choledochoscopy fees 
are competitive. This study identified a negative economic 
aspect of choledochoscopy and led to a fee change that 
made choledochoscopy cost acceptable. Until more ex- 
tensive economic evaluations are done that assess variables 
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other than procedural costs, we favor selective choledo- 
choscopy as a more optimal means to reduce the rate of 
retained stones and limit the total cost of choledochos- 
copy. Further cost analyses directed at cost benefit, cost 
utility, or cost-effectiveness are necessary to address issues 
not incorporated in our cost-minimization study. 
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What Rate of Infusion of Intravenous Nutrition 
Solution Is Required to Stimulate Uptake of Amino 
Acids by Peripheral Tissues in Depleted Patients? 





PETER B. LODER, M.B. B.S.," ROSS C. SMITH, M.D., F.R.A.C.S.,* 
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We examined the effect of varying the quantities (0, 0.1, 0.2, 
` 0.3, and 0.4 gN-kg™?-[day]7') of nitrogen input on N balance, 
3-methylhistidine (3MH) excretion, plasma amino acid concen- 
tration, and the net flux of amino acids across the leg in depleted 
patients requiring parenteral nutrition. The calorie-to-nitrogen 


ratio was 140 to 1 (kcal:1 gN) and consequently the patients — 


received varying amounts of calories (8, 14, 28, 42, and 56 kcal - 
kg! -[day]"'). There was negative nitrogen balance and net loss 
of amino acids from the limb during fasting. An infusion of 0.2 
gN- kg`'-» [day]! of IVN reversed the net catabolic process and 
resulted in equilibrium of peripheral total amino acid flux and 
of tyrosine flux without a decrease in 3MH excretion. Net uptake 
of total-amino acids and tyrosine in peripheral tissues was 
achieved with 0.4 gN-kg™!- [day]? and 56 keal-kg™!- [day]™. 
This was associated with a fivefold increase in 3MH excretion 
(p < 0.01), indicating that net anabolism occurred with increased 
protein turnover. Fifty per cent of the amino acids taken up by 
peripheral tissues during infusions of 0.4 gN - kg™' - [day]! was 
due to the uptake of glutamate (Glu) and 20% was due to the 
uptake of branched chain amino acids (BCAA). Plasma Glu con- 
centration, [Glu], did not increase with increasing IVN infusion, 
but BCAA concentrations did. Although the mean plasma [Glu] 
did not change with IVN infusion, there was an independent 
effect of plasma [Glu] (p < 0.0001) and of N input (p < 0.0001) 
on Glu flux, indicating that even at high infusion rates the max- 
imal capacity of peripheral tissues to take up Glu had not been 
reached. 


tients efficiently use intravenous nutrition (IVN) and 
obtain a state of anabolism.!* This is a desirable out- 
come of preoperative IVN and of IVN prescribed with 
the aim to replete patients with marasmus-like malnutri- 
tion. Muscle repletion is important for survival when the 


| T HAS BEEN ASSUMED that nutritionally depleted pa- 
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catabolic state has left the patient weak and immobile., 
Survival is particularly threatened when wasted intercostal 
muscles reduce the patient’s ability to cough, which leads 
to sputum retention and pneumonia.™* The importance 
of this is emphasized by the finding that early death was 
most commonly due to respiratory complications in pa- 
tients selected because of poor nutritional status and that 
these complications were only partly prevented by pre- 
operative IVN, probably because the TIN did not com- 
pletely reverse their malnourished state.’ 

Although intravenous pulnien can be shown to: im- 
prove nitrogen balance,°* this has not always been asso- 
ciated with an improvement in muscle function’ or muscle 
chemistry.’ Deterioration of muscle chemistry has been 
shown to occur during preoperative intravenous nutri- 
tion delivering 43.5 kcal-kg™!-[day]7’ and 0.15 
gN - kg! + [day]! but others!° have demonstrated an in- 
crease in the size and number of type II muscle fibers and 
increased phosphofructokinase activity after 14 days of 
intravenous nutrition delivering 46 kcal-kg™' - [day]. It 
may be necessary to deliver the greater amount of nutri- 
tion to obtain the desired effect of therapy.. 

A net uptake of amino acids by peripheral tissues is 
essential if there is to be an increase in the muscle mass 
and supporting structures. There has been a number of 
studies on normal human subjects that have shown avid 
uptake of amino acids by peripheral tissues when supplied 
with a exogenous protein load.''-!4 Three of these 
studies! !!>!4 showed stimulation of total amino acid up- 
take after a short (2 to 4 hours) period of IVN infusion. 


360 


ANTHONY J. KEE, B.Sc.(Hons),* ` 


Vol. 211 * No. 3 


For many individual amino acids this uptake was related 
to their plasma levels. In a long-term study’? of normal 
volunteers who underwent a 10-day fast followed by 10 
days of parenteral nutrition, a net uptake of total amino 
acids was achieved with an infusion rate of 0.29 
gN:kg™!-[day]~'. Again the forearm uptake was related 
to the input of individual amino acids. Few studies, how- 
ever, have demonstrated uptake of amino acids during 
prolonged intravenous nutrition in patients undergoing 
intravenous nutrition for clinical indications. It is im- 
portant to determine the effect of IVN infusion rate in 
the clinical setting in patients who require nutrition to 
replete peripheral tissues. 

This study examines the effect of different amounts of 
IVN on peripheral amino acid flux to determine the rate 
of IVN infusion necessary to produce uptake of amino 
acids into tissues. To reduce the effect of acute illness we 
have studied nonseptic nutritionally depleted preoperative 
patients. 


Methods 
Patients 


Nine patients, who were admitted to a surgical ward 
for preoperative IVN because they were considered to have 
increased surgical risk due to malnutrition, gave informed 
consent to undergo repeated metabolic studies. Four pa- 
tients had pancreatic pseudocysts, 3 had chronic pancre- 
atitis, 1 had pseudo-obstruction of the small bowel, 1 had 
gastric outlet obstruction secondary to peptic ulceration, 
and | had gastric carcinoma that was resectable at a sub- 
sequent operation. No patients had a fever and no patients 
were considered, on clinical grounds, to be septic at the 
time of entry to the study. The patients were encouraged 
to walk around the ward, but no exercise program was 
undertaken. The Regional Ethics Committee approved 
the study. 


Investigative Protocol 


All measurements were performed on patients when 
they were in a clinically stable state. Patients entered the 
study after at least 48 hours of constant infusion of 5% 
dextrose/NaC] (about 8 kcal: kg™!+[day]~! and zero ni- 
trogen intake). At this time flux of amino acids across the 
leg and urinary excretion of nitrogen (N) and 3-methy]- 
histidine (3MH) were measured. A balanced glucose-based 
solution of amino acids (Vamin 9; KabiVitrum, Sweden, 
Table 1) was then infused at increasing rates corresponding 
to 0.1, 0.2, 0.3, and 0.4 gN- kg7!-[day]™! and 14, 28, 42, 
and 56 kcal - kg`' - [day]~’. After 48 hours of constant in- 
fusion at each level of nitrogen intake, a urine collection 
was commenced for measurement of 24-hour urinary N 
excretion and 3-methylhistidine excretion. The 24-hour 
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~ TABLE 1. Amino Acid Composition of Vamin 9 (g- L'Y) 





Concentration 
Amino acid gL 
Threonine (Thr) 3.0 
Serine (Ser) 7.5 
Glutamate (Glu) 9.0 
Glycine (Gly) 2.1 
Alanine (Ala) 3.0 
Valine (Val) 4,3 
Ih Cystine/Cysteine (Cys) 1.4 
Methionine (Met) 1.9 
Isoleucine (Ile) 3.9 
Leucine (Leu) 5.3 
Tyrosine (Tyr) 0.5 
Phenylalanine (Phe) 3:2 
Histidine (His) 2.4 
Lysine (Lys) 3.9 
Arginine (Arg) 3.3 


Also contains 50 mmol sodium, 20 mmol potassium, 2.5 mmol cal- 
cium, 1.5 mmol magnesium, 50 mmol chloride, and 1.5 mmol sulfate. 


urine samples were collected in acidified bottles. During 
the period that this urine collection was made, and before 
the patients got out of bed (7 to 8 A.M.), femoral blood 
flow measurements (mean of 10 determinations) were 
performed before collection of arterial and femoral venous 
blood samples. 


Analytical Procedures 


Nitrogen balance. Urinary nitrogen was measured by 
the macro-Kjeldahl technique. Administered nitrogen was 
calculated from the volume of IVN infused as determined 
by a volumetric infusion pump (Imed) and the nitrogen 
concentration of the IVN solution. Fecal losses were not 
measured, but in these patients bowel actions were infre- 
quent. A correction factor of 3 gN per day has been added 
to the urinary nitrogen losses to adjust for fecal, skin, and 
other insensible losses.!° Nitrogen balance was then cal- 
culated as N Balance = N Input — (Urinary N + 3), where 
N Balance, N Input, and Urinary N are in units of 
gN» [day]. 

Blood flow measurements. Femoral arterial blood flow 
was determined by duplex ultrasound and pulsed Doppler 


-in milliliters per minute.!° In the femoral artery the within- 


patient, within-day coefficient of variation was 10% (10 
observations on each patient). For interpatient compari- 
sons of metabolic flux, the’ flow was corrected for lean 
mass of the leg and expressed as mL- 100 g lean tis- 
sue”! + minute~!. The estimate of lean leg volume is based 
on the assumption that the leg comprises two cylinders 
the dimensions of which are: thigh length times thigh 
muscle area and leg length times calf muscle area. Calf 
muscle area was calculated from calf circumference and 
calf skin fold thickness (CSF) by the formula Mid-calf 
muscle area = [(Calf circumference/a—CSF)/2]2- r, 
where calf circumference and calf skin fold are measured 
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in centimeters. Mid-thigh muscle area was similarly cal- 
culated. 

To validate this method a comparison of blood flow 
measured by duplex ultrasound and by strain-gauge 
plethysmography was performed on six volunteers. There 
was a good correlation between the two methods. The 
relationship is described by the following regression equa- 
tion: 

B.FLOW1 = — 0.4 + 0.99 B.FLOW2, (r = 0.93, p 
< 0,001) 

where B.FLOW! = Blood Flow by plethysmography 
in units of mL- 100 mL tissue’ + [minute]! 

and B.FLOW2 = Blood Flow measured by duplex Deep 
Doppler and Ultrasound in units of mL-100 g tis- 
sue”! - [minute] /. 

Amino acid analysis. Blood for amino acid analysis 
was collected in ice-cold heparinized tubes. Plasma was 
separated by centrifugation and was deproteinized with 
an equal volume of ice-cold 6% sulfosalicylate. The acid 
soluble extract was filtered and stored at —80 C until anal- 
ysis. A 1-mL aliquot of the 24-hour urine collection was 
taken for 3MH determination and was prepared for amino 
acid analysis in a fashion identical to that of the plasma 
samples. 

Amino acids were separated by means of high-pressure 
liquid chromatography using a cationic exchange resin 
and postcolumn ninhydrin derivatization. Norleucine was 
used as an internal standard in each sample. A known 
amount of norleucine was added to each sample (plasma 
and urine) before deproteinization and the unknown 
amino acids were corrected for the recovery of norleucine. 
The chromatographic peak heights of each individual 
amino acid were measured by an automated integrator. 
To test the analytical precision of amino acid analysis for 
determination of arteriovenous differences, paired aliquots 
“of 10 plasma samples were processed and analyzed as 
indicated above. Each of these paired aliquots were treated 
as if they were paired arterial and venous samples. A 
summed within-pair coefficient of variation was calculated 
for each amino acid (Table 2). 

Flux calculation. Plasma amino acid flux was calculated 
as (arterial concentration—deep vein concentration) 
xX blood flow x (1-hematocrit). A positive (+) flux repre- 
sents net uptake across the limb whereas a negative (—) 
flux represents a net release of substrate from the limb. 

Reproducibility of flux method. ïn order to assess the 
precision of the hindlimb flux method multiple flux mea- 
surements were performed on a group of seven surgical 
patients. At the time of the measurements they were clin- 
ically stable and had been on a constant infusion of IVN 
for 48 h. The variability of the individual flux measure- 
ments for between and within patient studies are presented 
in Table 2. 

Nutritional assessment. Plasma albumin was measured 
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TABLE 2. Precision (% CV) of Amino Acid Analysis and the 
Hindlimb Flux Technique 


Precision for Individual Amino Acids 


Amino Acid Flux 
Amino Acid Between Within 
Amino Acid Analysis Patients Patients 
Tau 20 13.8 2.5 
Thr 45 6.8 2:5 
Ser 4.3 7.2 3.1 
Glu 3.4 20.8 4.1 
Gln 2.2 7.7 2.7 
Gly 1.4 14.6 4,3 
Ala 1.4 11.5 5.4 
Val 3.4 11.7 1.7 
Cys 5.6 17.0 7.2 
Met 3.9 7.8 2.3 
lle 3.1 13.4 2.1 
Leu 5.0 10.0 3.0 
Tyr 3.6 13.5 3,2 
Phe 2.5 3.9 0.5 
His 3.6 3.0 3.3 
Orn 2.7 17.3 5.2 
Lys 3.3 4.7 1.9 
Arg 3.7 6.2 2.8 
ABA 2.8 9.6 4.0 


For Abbreviations of amino acids see Table 1; abbreviations not found 
in Table 1 include Tau, taurine; Gln, glutamine; Orn, ornithine; and 
ABA, alpha-aminobutyrate. 


by an autoanalytical technique in our Hospital’s bio- 
chemistry laboratory. Plasma transferrin and prealbumin 
were measured by radial-immunodiffusion using com- 
mercially available kits (Behring Instit. Sydney, Australia). 


Weight loss was calculated from difference between pa- . 


tient’s admission weight and their recalled weight prior 
to the onset of the illness and expressed as a percentage. 
Mid arm triceps skinfold (TSF) was measured using a 
Harpenden caliper and mid arm circumference was mea- 
sured using a plasticized tape measure. These measures 
were used to calculate arm muscle circumference (AMC). 
A commercially available device for the measurement of 
cell mediated immunity (CMI) was used to measure de- 
layed skin hypersensitivity response to a batch of 7 anti- 
gens. The prognostic nutritional index (PNI) of Mullen’s’’ 
group was calculated for the individual patients using the 
CMI score to categorize patients as being allergic, partially 
allergic or anergic. 


Statistical Methods 


Repeated Measures Analysis of Variance (ANOV), us- 
ing program 5V of the BMDP Statistical Software,'® was 
used to examine differences in individual amino acid 
concentrations and fluxes and nitrogen balance with IVN 
infusion rate. If this demonstrated significant variation 
with infusion rate, the baseline values were compared with 


~ 


Ea 


F 


n 


Vol. 211 ¢ Nọ. 3 


TABLE 3. Nutritional Parameters of the Patients Studied 


Parameter Mean SD 
Age (yrs.) 60 9.4 
Weight (kg) §2.9 15.5 
Weight Loss (%) 18.4 15.3 
TSF (mm) 14.7 8.3 
AMC (cm) 20.0 4.2 
Albumin (g/L) 32.3 4.7 
Transferrin (mg/dL) 190.0 76.0 
Prealbumin (mg/dL) 18.6 9.8 
CMI (mm) 8.4 2.3 
TLC (cc™) 1,400 179 
PNI (%) 48.2 20.6 


TSF, triceps skin fold; AMC, arm muscle circumference; CMI, cell- 
mediated immunity; TLC, total lymphocyte count; and PNI, the prog- 
nostic nutritional index of Mullen’s group.” 


the four positive infusion rates using two-tailed Dunnett 
comparisons.'®”° Dunnett comparisons were similarly 
used to compare the results of nitrogen balance, 
logio(3MH) excretion, and total amino acid flux with their 
initial values. This procedure ensures that the experimen- 
tal error rate does not exceed the nominated level. 

One sample Student’s t test was also used to determine 
at which infusion rates nitrogen balance, total amino acid 
flux, and the individual amino acid fluxes differed from 
zero. Linear regression analysis, which included a patient 
effect due to repeated measurements, was used to deter- 
mine the relationship between total amino acid flux, logio 
(3MH) excretion, and nitrogen infusion, and to determine 
the relationship between individual amino acid concen- 
trations and their fluxes. Multiple linear regression analysis 
was used to examine the independent effects of infusion 
rate and plasma glutamate concentration on glutamate 
flux. 


Results 


The nine patients’ nutritional states are summarized 
in Table 3, demonstrating that they had lost weight but 
their plasma albumin, transferrin, prealbumin, and im- 
munologic values were not significantly suppressed below 
normal. There were no significant complications of the 
parenteral nutrition therapy; in particular there were no 
septic or febrile episodes related to the central line. 


Nitrogen Balance and Infusion Rate (Fig. 1) 


The fasting negative nitrogen balance (—6.0 + 0.43 gN, 
mean + sem, p < 0.00001) was almost completely reversed 
(—1.0 + 0.65 gN, NS) by the infusion of only 0.1 
gN- kg!» [day]! and 14 kcal’ kg™'!- [day]! (Dunnett 
comparison, p < 0.05). At each stepwise increase in in- 
fusion of IVN there was an increase in net nitrogen re- 
tention with a significantly positive nitrogen balance of 
3.2 + 0.65 gN - [day]7! (p < 0.02) from the IVN infusion, 
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giving 0.3 gN and 42 kcal-kg™'-[day]~’. Increasing the 
IVN input to 0.4 gN and 56 kcal- kg™! + [day]7! resulted 
in a further increase in nitrogen balance to 5.4 + 1.9 
gN» [day]~', (p < 0.05). 


Plasma Amino Acid Concentration and Infusion Rate 
(Table 4) 


Plasma concentrations of the branched chain amino 
acids (isoleucine and valine) rose with increasing infusion 
rates, starting with levels in the low normal range and 
increasing to postprandial levels. The phenylalanine con- 
centration also rose sharply with increasing infusion rates, 
although there was no significant change in tyrosine con- 
centration. Threonine, serine, and methionine values rose 
above baseline levels with infusions of 0.3 and 0.4 
gN- kg!» [day] !. The concentrations of the important 
gluconeogenic amino acid, glutamine, did not change sig- 
nificantly when tested by Repeated Measure ANOV. In 
contrast the levels of the other important gluconeogenic 
amino acid, alanine, rose with infusions of 0.3 and 0.4 


_gN-kg™!-[day]”'; these values were significantly different 


from the fasting values (p < 0.01) when tested by Dun- 
nett’s multiple comparisons procedure. 

No amino acid concentration fell during IVN infusion. 
Several amino acids remained at basal concentrations de- 
spite being present in the IVN solution. Even at the high 
infusion rate of 0.4 gN- kg! + [day] !, the concentrations 
of glutamate, glycine, /2cystine/cysteine, leucine, tyrosine, 
histidine, lysine, and arginine were not significantly ele- 
vated. 


N Balance ( gN/day ) 
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Fic. 1. N balance at different IVN infusion rates (mean + SEM). Calorie 
inputs associated with levels of N intake are 8, 14, 28, 42, and 56 
kcal- kg`! - [day] !, respectively. Mean values during IVN were signifi- 
cantly different from basal values by Repeated Measures Analysis of 
Variance (p < 0.00001) with means at IVN input giving 0.0, 0.3 and 0.4 
gN-kg'. [day] } being significantly different from zero N balance (p 
< 0.00001, p < 0.02, and p < 0.05, respectively). 
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AA 0.0 0.1 

Tau ll 9 9+ 4 
Thr* 104+ 57 139+ 56 
Ser* {21+ 5I 150 £ 54 
Glu 114+ 36 153 + 105 
Gln 460 + 159 470 + 106 
Gly 291 + 124 300 + 109 
Ala* 226 + 110 272 + 87 
Val* 184+ 53 232+ 58 
Cys 33+ 28 26% 17 
Met 22 4 \2 (24% 5 
Ile* 60+ 23 Slt 24 
Leu 108 + 34 120+ 36 
Tyr 542 18 49+ 14 
Phe* 644 32 92+ 45 
His 64+ 32 82+ 43 
Orn 87+ 88 107 + 106 
Lys 93+ 59 83+ 49 
Arg 74+ 52 69 + 30 


The effect of differences in concentration were tested by “within-patient 
analysis of variance” with * indicating p < 0.0C1 and the absence of “*” 
indicating p > 0.05. 


Results of Dunnett’s multiple comparisons procedure was used to ` 


Total Amino Acid Flux (Fig. 2) 


The total amino acid flux value was calculated by sum- 
ming the net flux results of the 20 individual amino acids. 
The total amino acid flux increased with increasing in- 
fusion rate. During the basal period there was net efflux 
of total amino acids from the leg (different from zero at 


p < 0.05). This was reversed to a net influx of total amino. 


Total Amino Acid Flux ( umol/10g/min ) 





0.3 0.4 
N Input ( gN/kg/day ) 


FiG. 2. Total amino acid flux at different IVN infusion rates (mean 
+ SEM). Calorie inputs associated with levels of N intake are 8, 14, 28, 
42, and 56 kcal-kg™!+[day]"', respectively. The regression equation de- 
scribing the relationship is: T Flux = —2.65 + 21.6(N Input), (s = 4.65, 
R? = 0.46, p < 0.0003) where, T Flux = total of net amino acid fluxes 
in nmol - 100 g tissue! + [minute]! and N Input is in gN- kg! + [day y". 


0.2 0.3 0.4 
14415 8+ 2 il+ 6 
184 + 77 244 + 116} 257+ 87$ 
183 + 74 208+ 77} 245+ 76} 
148 + 29 150+ 76 150+ 76 
455 + 86 528 + 134 506+ 95 
278 +72 289 + 85 275+ 77 
296 + 70 357 + 1304 406 + 1444 
266 + 59t 342 + 794 402 + 1044 
25 + 16 39 + 25 25+ 17 
24+ 8 36+ 13¢ 39+ 12ł 
86 + 18 110+ 284 134+ 47} 
135 + 37 147+ 34 152+ 79 
54 + 18 60+ 15 65+ 18 
127 + 35¢ 151+ 324 207+ 54 
77 + 32 69+ 33 83+ 20 
84 +71 110+ 90 118+ 114 
17 + 43 85+ 37 82+ 35 
75 +31 719+ 38 10+ 26 


compare baseline amino acid concentrations with their concentrations 
after IVN are depicted by t if p < 0.05, ¢ if p < 0.01. 
See Tables 1 and 2 for abbreviation definitions. 


acids at the 0.4 gN- kg™!- [day] } infusion rate (different 
from zero at p < 0.05). 


IVN Infusion and Flux of Individual Amino Acids 


During the basal state, the loss of total amino acids 
from the leg, as shown in Figure 2, is mainly due to the 
loss of threonine, alanine, leucine, glutamine, tyrosine, 
histidine, and arginine (Table 5). In contrast there was a 
net influx of glutamate into peripheral tissues, but this 
did not reach statistical significance. Infusion of 0.1 
gN -ke™!-[day]~! of IVN abolished the net efflux of leu- 
cine, arginine, and histidine and produced a significant 
net influx of glutamate into the hindlimb. Increasing the 
infusion rate to 0.2 gN-kg™ - [day]~’ increased the uptake 
of glutamate and leucine by the hindlimb. During infusion 
of 0.3 gN- kg™!- [day]! the only amino acid that showed 
significant net influx was glutamate. In contrast there was 
a significant net efflux of glutamine and alanine. 

At an IVN infusion rate of 0.4 gN-kg™!-[day]7! there 
was a significant net influx of isoleucine, tyrosine, and 
glutamate. In addition there were small gains of other 
amino acids, but these were not statistically significant. 
Fifty per cent of the net amino acid influx at 0.4- 
gN- kg~'-[day]~’ was accounted for by the flux of glu- 
tamate and 20% was due to the influx of branched chain 
amino acids (leucine, isoleucine, and valine) when the 
IVN solution was composed of 16% and 25% of these 
amino acids, respectively. f 

Net flux of tyrosine, an indicator of anabolism or ca- 
tabolism, was related to infusion rate (p < 0.001; Fig. 3). 
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TABLE 5. Amino Acid Hindlimb Fluxes (nmol/100 g/minute) at Different IVN Infusion Rates, Mean + SD 
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Nitrogen Input in gN + kg™!+ [day]! 
AA 0.0 0.1 0.2 0.3 0.4 
Tau Q +24 -l3 + 50 —4 + 27 60 + 127 =3 + 22 
Thr —31 + 36l Ii+ 68 —46 + BI 4+ 105 1+ 131 
Serf 2229 J 32 —25+ 81 -1+ 48 137-2 215%" 
Glu§,|| || 39 + 59 71+ 559 143+ 93# 141+ 949 285 + 1851,tt 
Gln —63 + 70]| —112 + 108| —63 + 322 —123 + 744 9 t 175 
Gly —4] +45 mo Ee, —68 + 74 —59 + 101 5+ 48 
Alat,t} ~103 + 7317 —133 + 124] —182 + 98# —140 + 1079 —197 + 158# 
Val ~{i+54 —25 + 4] 3+ 66 352 71 47 + 124 
Cys ~13 + 26 4+ 16 O+ 14 12+ 32 2+ 19 
Met* -i Íl 5+ él —3+ 6 —4+ |l Te 2l 
Tle§,§§ —4+10 —4+ 13 15+ 24 4+ 37 54+ 574+ 
eut —22 + 197 12+ 72 47+ 63 -Ii 91 75+ 94 
Tyr§,|l | ~16 + 131 3+ 10 O+ 8** —2+ 9 17+ 19,4 
Phe ~23 +55 —]4 + 21 6+ 29 —2 + 44 16+ 64 
His* —16 + 13] 3+ 43 —40+ 41] -12+ 43 5+ 47 
Orn —3 +90 34 13 —1li+ 29 2i+ 63 16+ 77 
Lys ~25 + 52 —4+ 52 —3+ 40 -5+ 45 25+ 50 
Aret,§§ —27 + 14# -73+ 46 -7+ 35 O+° 69 39+ 42| 





Repeated Measures ANOV results are indicated b=: * if p < 0.05, f¢ © 


if p < 0.025, ł if p < 0.01 and § if p < 0.001. 

One sample t test testing the mean flux for difference from zero is 
depicted by: if || p < 0.05, 1 if p < 0.01, and # if p < 0.001. 

Results of Dunnett’s multiple comparisons procedure was used to 
compare baseline fluxes with the flux after IVN are depicted by; ** ifp 


This relationship is interesting because there was no sig- 
nificant change in mean plasma tyrosine ləvels. Further- 
more, at an IVN infusion rate of 0.2 gN- kg”) + [day]7', 
the net flux of tyrosine was in balance, taus indicating 
that net catabolism had been suppressed. Increasing the 


Tyrosine Flux ( nmol/0g/min ) 


0.0 0.1 0.2 


Fic. 3. Tyrosine flux at different IVN infusion rates (mean + SEM). 
Calorie inputs associated with levels of N intake are 8, 14, 28, 42, and 
56 kcal-kg-!+[day]7!, respectively. The regression equation describing 
the relationship is: Tyr Flux = —0.19 + 0.66(N Input), (s = 0.13, R? 
= 0.49, p < 0.0001) where, Tyr Flux = net tyrosine flux in nmol. 100 
g tissue”! - [minute]! and N Input is in gN + kg- [day}"'. 


0.3 0.4 i 
N Input ( gN/kg/day ) . 


< 0.05, tf if p < 0.01. 

The flux of a particular amino acid was related to its plasma level by 
least squares regression: t if p < 0.05, §§ if p < 0.01, and || || if p < 
0.0001. 

See Tables 1 and 2 for abbreviation definitions. 


infusion to 0.3 gN- kg~! + [day] !, a 50% increase, did not 
alter the net tyrosine flux. It was not until the infusion 
was increased to 0.4 gN-kg™!+ [day]! that there was a 
net anabolic response indicated by the positive net tyrosine 
influx (p < 0.04, Student’s t test). 

The net flux of the amino acids glutamate, alanine, 
isoleucine, tyrosine, and arginine was related to their 
plasma levels (Table 5). However, with the exception of 
glutamate, these associations were not independent of ni- 
trogen input. Infusion rate and plasma glutamate con- 
centration [Glu] had independent influences on the next 
flux of glutamate when tested by multiple linear regression: 
Flux Glu = —0.56 + 3.84(N input) + 0.012[Glu] (R? 
= 0.67, p < 0.0001 and the standard partial regression 
coefficients are 0.54 and 0.46 for N input and [Glu], re- 
spectively) where Flux Glu is the net flux of glutamate in 
nmol: 100 mL muscle!+[minute]~', N input is in 
gN - kg- [day] t, and Plasma [Glu] is in pmol.17'. 


Effect of Increasing Infusion Rate on 3-Methylhistidine 
Excretion 


There was an increase in 3MH excretion with IVN in- 
fusions, providing more than 0.2 gN- kg - [day]7! (Fig. 
4). When compared with basal values using Dunnett’s 
comparisons, 3MH excretion was significantly increased 
at IVN infusions providing 0.3 and 0.4 gN ° kg`' + [day]! 
(p < 0.05 and 0.01, respectively) reaching a fivefold in- 
crease at the greatest infusion rate. 
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3-MH Excretion ( umol/kg/day ) 
- 40.00 


10.00 
7.00 


- 4.00 





0.0 0.1 0.2 


0.3 0.4 
N input ( gN/kg/day ) 


Fic. 4. 3MH excretion at different IVN infusion rates (mean + SEM). 
Calorie inputs associated with levels of N intake are 8, 14, 28, 42, and 
56 kcal» kg™!-[day]~', respectively. The regression equation describing 
the relationship is: log;o(3MH) = 0.56 + 2.3%N input), (s = 0.37, R? 
= 0.60, p < 0.0001) where, 3MH = 3-methylhistidine excretion in 
mmol - kg™!- [day]! and N Input is in gN- kg™' - [day] '. 


Discussion 


Some workers have used recommended daily allow- 
ances for oral nutrition to determine intravenous nitrogen 
needs,*! although the minimal oral protein requirements 
have not been firmly established.” Many factors are in- 
volved but, if the protein eaten is of high quality with the 
appropriate balance of essential and nonessential amino 
acids, nitrogen requirements are met with an intake of 
0.12 gN- kg !-[day]'.2> The average western diet for a 
70-kg man provides up to 100 g protein daily (0.22 
gN-kg~'-[day]~'), nearly twice the recommended daily 
allowances. Depleted patients are believed to more eff- 
ciently use protein than normally ,nourished individu- 
als.!*4 Therefore theoretically 0.22 gN ° kg™! - [day]! of 


a well-balanced amino acid solution delivered intrave- — 


nously should be sufficient to promote nitrogen accu- 
mulation and restore muscle mass in depleted patients. 
Although this contention has been supported by nitro- 
gen balance studies,” it has not been confirmed by studies 
of body composition,” peripheral amino acid flux,” 
whole-body protein turnover,” or muscle chemistry.* Few 
of these studies have emphasized the importance of care- 
fully measuring the amount of intravenous nutrient input 
that patients have been given. This study has examined 
the effect of infusion rate of a standard parenteral nutrition 
solution on nitrogen metabolism to gain a better under- 
standing of nitrogen repletion during parenteral nutrition. 
Calorie input varied with nitrogen input in these studies, 
with the aim being to determine the effect of different 
infusion rates of a standard IVN solution. Any effect 
demonstrated on nitrogen metabolism may be due to al- 
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teration in either the nitrogen input or the nitrogen sparing 
effect of the nonprotein calorie component of IVN.”’ The 
improved nitrogen retention resulting from an increase 
of nonprotein calorie content of IVN is 7.5 mgN/kcal 
with nonprotein calorie input up to 15 kcal-kg™ + [day]~', 
but is only 1.5 mgN/kKcal with a greater nonprotein calorie 
input.” This would account for about 3 gN retention in 
the patients in this study when IVN input was increased 
from the lowest input (0.1 gN» kg! . [day]! and 14 - 
kcal*kg`!. [day] ') to the highest input (0.4 gN 
«kg! + [day] and 56 kcal + kg~!+ day~'). Thus about one 
half of the nitrogen balance improvement observed is 
possibly accounted for by the increase in nonprotein cal- 
orie input given to these patients. 

In the initial basal period our patients were catabolic, 
as demonstrated by negative whole-body and peripheral 
tissue nitrogen balance. An infusion of 0.2 gN- 
kg! -[day]~' and 28 kcal-kg™!-[day]~' of IVN was re- 
quired to achieve nitrogen balance and to result in balance 
of total amino acid flux in peripheral tissues. Tyrosine 
flux, a measure of protein turnover, was also in balance, 
indicating reversal of catabolism. Because 3MH excretion 
was unchanged, this balance was reached by an increase 
in protein synthesis rather than a decrease in protein 
breakdown. 

It is interesting that by increasing the infusion to 0.3 
eN - kg! - [day] !, a 50% increase in nutrition, there were 
significant increases in nitrogen balance and 3MH pro- 
duction but no accumulation of amino acids in peripheral 
tissues as determined by total amino acid fluxes or by the 
flux of tyrosine. Two possible explanations for this dif- 
ference are that the systematic errors inherent in nitrogen 
balance measurement are linked with nitrogen input and 
therefore account for the increased nitrogen balance,*! 
while flux measures are not associated with these errors, 
or that visceral protein is preferentially accumulated at 
this infusion rate. Not until the IVN input increased to 
0.4 gN - kg`! - [day] !, twice the infusion necessary to stop 
net efflux of amino acids from peripheral tissues, was there 
a net influx of amino acids into peripheral tissue. There- 
fore it is not until the infusion reaches this high nitrogen 
and calorie input-that protein synthesis exceeds protein 
breakdown. 

The finding that more than 0.3 gN-kg™!+ [day] ] was 
necessary to produce a net accumulation of nitrogen in 
peripheral tissues, where the majority of the body’s protein 
is contained, is in accord with body composition studies.?? 
In an earlier study on surgical patients who received sim- 
ilar amounts of nitrogen (0.36 gN» kg” - [day]~'), nitrogen 
retention was associated with water and electrolyte reten- 
tion in amounts indicating lean tissue accrual.” These 
findings, however, are not supported by studies using in- 
direct measures of nitrogen needs. Nitrogen balance stud- 
ies have concluded that much smaller amounts of nutri- 
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tion are required for net nitrogen uptake,” while whole- 
body protein turnover studies indicate thaz it is seldom 
possible to produce net protein anabolism.“ 

Inadequate input of some nonessential amino acids 
may account for the poor peripheral response to IVN. 
Importance has been placed on the best method of pro- 
viding added glutamate to replete muscle glutamine 
stores.” It is therefore an interesting finding of the current 
study that glutamate concentration affected the influx of 
glutamate into peripheral tissues independent of infusion 
rate. This may indicate that glutamate may be limited by 
low blood glutamate levels. In this regard, there is evidence 
to suggest that intramuscular glutamine con-entration can 
be maintained with large amino acid infusions, regardless 
of the amount of supplementary glutamine.* In contrast 
supplementation with ornithine alpha-ketoglutarate, a 
source of carbon skeletons for glutamine production, may 
attenuate peripheral amino acid efflux and maintain in- 
tramuscular amino acid concentrations.*> Others have 
increased the proportion of branched chain amino acids 
in the solution*® because these are metabolized in muscle 
and may result in an increase in the intremuscular glu- 
tamine pool. Dipeptides have also been used to administer 
amino acids, such as glutamine, that are difficult to ad- 
minister in the free form.” Further studies of these tech- 
niques are required to establish efficacy of these solutions. 

Urinary 3MH excretion increased by € factor of five 
above basal levels with infusions of 0.4gN kg™!+[day]7!. 
A smaller increase in 3MH excretion was found by 
others“? to be associated with increases n whole-body 
protein breakdown with infusions of IVM providing up 
to 0.26 gN-kg™!-[day]~'. However 3MH excretion was 
not increased when normal subjects had IVN that deliv- 
ered 0.25 gN - kg™! - [day]! and 35 kcal «kg! + [day]7}.# 
It is implied that the fivefold increase in #MH excretion 
was due to an increased skeletal muscle protein break- 
down, but although 91% of total-body 3MH is found in 
skeletal muscle, up to 25% of urinary 3MH maybe derived 
from other tissues—mainly smooth muscle. Therefore 
the measurement of peripheral 3MH fluxes would have 
been necessary to establish that the increased 3MH pro- 
duction was derived from skeletal muscle.” 

That the increased 3MH excretion mzy represent an 
increased protein breakdown is supported by the findings 
that the fractional rates of protein breakdown and of pro- 
tein synthesis have been shown in rats to be greater in the 
normally fed state than during fasting.? Lowry?! has 
demonstrated the relationship between whole-body pro- 
tein breakdown and 3MH excretion. In contrast Shaw** 
has shown that with IVN whole-body pro-ein breakdown 
decreases while whole-body protein synthesis remains 
constant; this results in a decreased net protein break- 
down. These discrepancies may be due to (1) the different 
patient groups studied, (2) the different measures of pro- 


IVN INFUSION RATE FOR MUSCLE REPLETION 


367 


tein breakdown measuring different components of pro- 
tein metabolism, or (3) the whole-body protein turnover 
measures, which do not reflect changes in specific tissues 
such as muscle. Further work is needed to understand the 
different implications of these findings. 

We conclude that when administering current IVN so- 
lutions to depleted patients it is necessary to deliver 0.2 
gN-kg™!- [day]7! (with 28 kcal - kg™! + [day]~') to diminish 
net catabolism, but 0.4 gN-keg'+[day]7' (with 56 
kcal - kg™! - [day]~') to induce net anabolism in peripheral 
tissues, with a presumed expansion of muscle mass. The 
anabolic process appears to be inefficient because it is 
associated with a greatly increased protein turnover and 
3MH excretion. Further studies are needed on the effect 
of supplementing IVN solutions with amino acids that 
are low in current IVN solutions, tyrosine, cystine, and 
glutamine, as dipeptides, or combined with alpha-keto- 
glutarate to determine if there is an improvement in ef- 
ficacy of IVN with their use. 
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Because the intestinal mucosa is most sensitive to ischemia, 
serum levels of mucosal enzymes, such as diamine oxidase, may 
be most likely to indicate intestinal ischemia. Our aim was to 
compare serum levels of mucosal (diamine oxidase, alkaline 
phosphatase) and seromuscular (creatinine phosphokinase, lactic 
dehydrogenase, serum glutamic oxaloacetic transminase) en- 
zymes during intestinal ischemia of varying extent and duration 
in dogs. Group I (n = 6) underwent sham laparotomy. Group 2 
(n = 8) had 50% of the small intestine devascularized. Group 3 
(n = 8) had the superior mesenteric artery occluded for 2 hours 
and released. Group 4 (n = 8) had the superior mesenteric artery 
ligated. Serum samples were obtained before and 2, 4, 8, and 24 
hours after operation, and histologic specimens were examined 
at 4 hours. Creatinine phosphokinase levels became elevated 
within 4 hours of ischemic injury in group 2 (223 + 197 ys. 68 
+ 26, p < 0.05) and group 4 (212 + 136 vs. 76 + 29, p < 0.05). 
Significant elevation of serum enzymes levels, except diamine 
oxidase, occurred in groups 2, 3, and 4 at 24 hours, including 
those with normal histology after temporary superior mesenteric 
artery occlusion. Thus seromuscular enzymes, particularly cre- 
atinine phosphokinase, were more likely to be elevated during 
intestinal ischemia. Enzyme levels were not influenced by the 
extent and reversibility of the ischemic injury. 


IMELY DIAGNOSIS AND surgical intervention for 
intestinal ischemia are challenging clinical prob- 
lems.' A serum marker for early, potentially re- 
versible intestinal ischemia would be valuable in the 
management of this condition. Several circulating markers 
of intestinal ischemia have been evaluated in the clinical 
setting, including lactic dehydrogenase (LDH), glutamic 
oxaloacetic transaminase (SGOT), creatine phosphoki- 
nase (CPK), alkaline phosphatase, inorganic phosphate, 
and hexosaminidase.*~’ None has proved efficacious clin- 
ically, either because of low specificity, cumbersome as- 
says, or failure to identify intestinal ischemia before the 
onset of gangrene, 
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The intestinal mucosa is most sensitive to ischemia and 
necrosis of the cells of the intestinal villus is one of the 
earliest histologic changes that occurs with intestinal isch- 
emia.' Furthermore the small intestine will survive, even 
if sloughing of the intestinal mucosa occurs, as long as 
viability of the seromuscular layer is maintained so that 
the intestinal mucosa can regenerate. Thus serum levels 
of mucosal enzymes may be most likely to indicate early 
intestinal ischemia. Diamine oxidase (DAO) activity, 
found in highest activity in the mature villus tip cells of 
the intestinal mucosa, decreases in the intestinal mucosa 
during ischemia.*"!! Serum DAO activity, which is derived 
from the intestinal mucosa, reportedly becomes elevated 
during intestinal ischemia.'*'! Our aim was to compare 
serum levels of mucosal (DAO, alkaline phosphatase) and 
seromuscular (CPK, LDH, SGOT) enzymes during in- 
testinal ischemia.. 


Materials and Methods 


Thirty mongrel dogs (weighing 12 to 25 kg) were in- 
cluded in the study. Group 1 (n = 6) underwent laparot- 
omy and intestinal biopsy and served as the control group. 
Group 2 (n = 8) had the middle 50% of the small intestine 
devascularized at its periphery and intestinal biopsy was. 
performed. Group 3 (n = 8) had the superior mesenteric 
artery (SMA) occluded for 2 hours and then released. 
Group 4 (n = 8) had the SMA ligated just distal to the 
takeoff of the colonic branches with a 2-0 silk ligature. 
The laparotomy incision was closed and the animals were 
allowed to recover from anesthesia after 4 hours. Serum 
samples were obtained before operation (Fo) and 2 (T>}, 
4 (T4), 8 (Tg), and 24 (T24) hours after operation. Histo- 
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logic specimens were taken at 4 hours to confirm the pres- 
ence of intestinal ischemia. 

After an overnight fast, anesthesia was-induced with 
‘intravenous pentobarbital sodium and maintained with 
inhalational halothane via an endotracheal tube. In a sub- 
set of animals in each experimental group an arterial line 
was placed in the femoral artery for monitoring of blood 
pressure during operation. The abdomen was opened 
through a midline incision and the small intestine was 
measured twice along its antimesentezic border from the 
pylorus to the ileocecal junction; the mean of the two 
measurements was taken as the intestinal length. Group 
I animals had no further manipulation. Group 2 animals 
had 50% of the small intestine devascularized by ligating 
arteries and veins at the periphery centered on the mid- 
point of the small intestine. Group 3 had the SMA oc- 
cluded for 2 hours with a vascular clamp just distal to the 
takeoff of the colic arteries. Group 4 animals had the SMA 
ligated at the same location. Histologic specimens were 
taken from the midpoint of the small intestine in all an- 
imals before closure of the incision. Animals in the ex- 
perimental groups were anesthetized 24 hours later and 
underwent laparotomy to obtain another histologic spec- 
imen and grossly evaluate the extent of intestinal ischemia. 

Diamine oxidase activity was determine using ['*C] 
putrescine as the substrate.!? ['*C] Putrescine (New 
England Nuclear Corp; Boston, MA) was mixed with un- 
labeled putrescine to give a final concentration of 25 mCi/ 
mmol. This was diluted with sodium phosphate buffer 
(0.1M, pH6.8) to give a final concentration of 5 ug/mL. 
The reaction mixture consisted of 0.2 wCi ['*C] putrescine 
(sp act 118 mCi/mmol), 0.2 mL serum and 1.6 buffer. 
Incubation was carried out at 37 C for 1 hour and ter- 
minated by boiling for 2 to 3 minutes. The pH of the 
mixture was brought to 10 with the addition of 0.8 mL 
of 0.05 N sodium hydroxide. The mixture was extracted 
with 6 mL toluene, shaken vigorously for 30 seconds, and 
centrifuged for 5 minutes at 3000 rpm ‘CRU5000; Inter- 
national Equipment Company; Needham, MA). One 
milliliter of the organic layer was added to 10 mL Formula 
963 (Dupont, Boston, MA) and counted in the scintilla- 
tion counter for 10 minutes. One unit of DAO activity 
equals Inmole of putrescine metabolized per hour at 37 
Cand pH 7.2. CPK, LDH, SGOT, alkaline phosphatase, 
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BUN, and albumin levels were quantitated using standard 
automated spectrophotometry (Beckman DU-6, Fuller- 
ton, CA). 

Segments of small intestine were fixed in formalin and 
stained with hematoxylin and eosin. The histologic spec- 
imens were evaluated blindly for evidence of ischemic 
injury. Each section was graded for the severity of mucosal 
injury (edema, loss of epithelium, hemorrhage), severity 


‘of submucosal damage (hemorrhage, edema), and the se- 


verity of muscularis propria damage (hemorrhage, edema, 
smudging of nuclei). The sum of the mucosal (0-8), sub- 
mucosal (0-3), and the muscularis propria (0-3) damage 
grades were calculated as the histologic injury score. The 
potential spectrum of histologic injury scores ranged from 
0 representing normal histology to 14 reflecting the most 
severe ischemic injury. 

The data was analyzed using analysis of variance and 
the Bonferonni t test and the chi square test as appropriate 
with p < 0.05 for significance levels. 


Results 


The animals in all four groups were similar with respect 
to body weight, intestinal length, and serum albumin and 
BUN levels (Table 1). No evidence of hypotension (systolic 
blood pressure less than 80 mmHg) was detected during 
intraoperative monitoring of blood pressure in the animals 
that had femoral lines placed. After the ligation or occlu- 
sion of the intestinal blood supply in groups 2, 3, and 4 
the intestine became immediately pale and contracted. 
As time progressed, the small intestine became cyanotic 
and obviously ischemic with loss of mesenteric vessel pul- 
sation and peristalsis. Within minutes of releasing the 
clamp in the SMA in group 3, the intestine appeared 
grossly viable with return of normal color or hyperemia, 
arterial pulsation, and peristalsis. Ischemic intestinal in- 
jury was confirmed by significantly elevated histologic 
scores in all animals in groups 2, 3, and 4 at 4 hours 
compared to group 1 (4.2 + 0.8, 4.3 + 3.2, 3.4 + 2.9 ys. 
0.6 + 0.7, p < 0.05). Twenty-four hours after operation 
intestinal gangrene was present in groups 2 and 4, while 
the ischemic injury had reversed in seven of the eight 
animals in group 3. Three (38%) animals in group 4 ex- 
pired within the 24-hour period. 


TABLE 1. Comparison of Study Groups 


Group |: Group 2: Group 3: Group 4: 
Control 50% Devascularized 2-Hour SMA Occlusion SMA Ligated 
Preoperative Parameters (n = 6) (n = 8) (n = 8) (n = 8) 
Body weight (kg) 18.7+ 3.5 i8.5+ 4.6 18.7+ 5.4 15.34 2.1 
Intestinal length (cm) 347 +31 376 +48 345 +71 372 +49 
Serum albumin (g/dL) 2. .2 I on o9 29+ 3 29+ .4 
Blood urea nitrogen (mg/dL) 15 + 4 18 + 5 18 + 4 16 + 4 
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TABLE 2. Mean Serum Levels of Mucosal Enzymes During Intestinal Ischemia (IU/L) 
Group |: Group 2: Group 3: Group 4: 
Control 50% Devascularized 2-Hour SMA Occlusion SMA Ligated 
Serum Enzyme {n = 6) (n = 8) {n = 8) {n = 8) 
Diamine Oxidase : 
Tp 19+ 1.3 13+ 0.3 [Se 1.2 16+ 0.8 
Tə 14+ 0.8 l4+ 0.3 VAP E 22 17+ 0.7 
T, l6 + 0.4 Ll4+ 0.4 1.9 2.3 26+ 3.1 
Ts 10+ 0.4 L2 1.8 0.9+ 0.2 
Taa 10+ 0.6 132+ 0.7 12> -0;5 
Alkaline Phosphatase 
To 42 +15 47 +23 39 +29 37 16 
Tə 36 +15 44 +19 38 +24 33 +15 
T; 42 +14 44 +19 36 +27 35 +12 
Ts 45 +9 30 +18 92 + 88*+t 
Tx 152) + 99* PE 201 + 33*tH§ 238 + 55*P§ 
* p < .05 vs. To. tp < .05 vs. T4.” 
tp < .05 vs. Tz. §p < .05 vs. Ts. 


There were earlier and more significant elevations in 
the seromuscular enzymes than the mucosal enzymes 
(Tables 2 and 3). Mean serum CPK levels were elevated 
within 2 hours in group 2 and 4 hours in group 4. Highest 
levels were measured at 8 hours and mean serum CPK 
levels remained significantly elevated 24 hours after op- 
eration in groups 2, 3, and 4. Mean serum LDH and 
SGOT levels became elevated 8 hours after operation only 
in group 4 but were significantly elevated at 24 hours in 
groups 2, 3, and 4. Similarly serum alkaline phosphatase 
levels were elevated at 8 hours in group 4 and at 24 hours 


in groups 2, 3, and 4. Diamine oxidase activity, however, 
was not elevated in any of the groups during the period 
of study. 

The diagnostic value of elevated (mean + 2SD of nor- 
mal) serum levels of CPK (> 135 IU/L), LDH (> 110 
IU/L), SGOT (> 44 IU/L), and alkaline phosphatase 
(> 80 IU/L) is shown in Table 4. Serum CPK levels had 
significantly greater sensitivity and overall accuracy at 
both 2 and 4 hours compared to the other enzymes. The 
other enzymes were infrequently elevated at these times 
but had high predictive value. All of the animals in groups 


TABLE 3. Mean Serum Levels of Seromuscular Enzymes During Intestinal Ischemia (IU/L) 


Group l: Group 2: Group 3: Group 4: 
Control 50% Devascularized _ 2-Hour SMA Occlusion SMA Ligated 
Serum Enzyme (n = 6) (n = 8) (n = 8) (n = 8) 
Creatine Phosphokinase 
To 84 + 45 68 + 26 90+ 68 76+ 29 
T: 96 + 55 174 + 156* 175 + 200 163 + 140 
T; 98 + 61 223 + 197* 163+ 67* 212 + 136* 
Ts 322 + 186* 168+ 7* 1445 + 957" }+4 
T 889 + L1*P$§ 603 + 580* tt 663 + 710*ł 
Lactic Dehydrogenase l 
To 54 + 18 30+ 30 40+ 2I 39+ 24 
T: 19+ 5 55 £ 3I 24+ 13 47+ 29 
Ta 51 + 58 29+ 17 28+ 15 56+ 26 
Ts 103 + 131 82+ 2" Pt WS 41*pt 
Ta . 87+ 6% >t 88+ 64*t 90+ 41* 
Glutamic Oxaloacetic 
Transaminase 
To 19+ 10 24+ 9 17+ 4 26 +. 20 
T: 24+ 7 24+ Il 22+ 6 3r 22 
T; 22+ 4 26+ 1l 22E | 30°: 15 
Ts 35+ 21 23:4) -2* 63t 13" tt 
Tag 85 + 23*tł§ 67 + 54% >t 65+ 34" >t 
* p< .05 vs. To. p < .05 vs. T4. 
tp < .05 vs. To. § p < .05 vs. Tg. 
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TABLE 4, Diagnostic Value of Serum Enzyme Levels 


Enzyme 


Sensitivity 

Creatine phosphokinase ` 13/24 (54%)* 
Lactic dehydrogenase 3/24 (12%) 
Glutamic oxaloacetic transaminase 3/24 (12%) 
Alkaline phosphatase 1/24 (4%) 

Enzyme Sensitivity 
Creatine phosphokinase 18/24 (75%)* 
Lactic dehydrogenase 0/24 (0%) 
Glutamic oxaloacetic transaminase 4/24 (16%) © 
.Alkaline phosphatase 2/24 (8%) 


.* p < .05 vs. all others. 


2, 3, and 4 had elevated serum CPK levels at 8 and 24 
hours. There was no significant difference in the serum 
CPK levels at 4 hours of group 4 animals that survived 
and those that died during the 24-hour study period (184 
+.66 vs. 259 + 178 IU/L). 


Discussion 


Because intestinal enzymes are released during intes- 
tinal ischemia, the measurement of serum levels of these 
enzymes have been investigated both clinically and ex- 
perimentally as a means of detecting early intestinal isch- 
emia.™” Changes occur in the intestinal mucosa within 
minutes of ischemic injury and progress to necrosis of 


villi and inflammation of the underlying submucosal and _ 


muscular layers.”!>!4- As the duration of ischemia in- 
creases, transmural infarction occurs. Because the intes- 
tinal mucosa is most sensitive to the ischemic insult, en- 
zymes localized to this layer might be expected to become 
elevated earlier than those found primarily in the sero- 
muscular layer. However the value of any serum enzyme 
as a diagnostic test for early intestinal ischemia depends 
not only on its location but also on its quantity, mecha- 
nism of release, clearance from the serum, and specificity 
for the intestinal tract. 

In the present study serum CPK activity, a seromus- 
cular enzyme, became elevated sooner and to a greater 
extent than the other enzymes studied, including the mu- 
cosal enzymes DAO and alkaline phosphatase.” In addi- 
tion CPK levels had the greatest sensitivity and overall 
accuracy. This finding is consistent with other studies. 
Graeber et al.* reported that CPK levels rose faster and 
to a higher level than did alkaline phosphatase during 
intestinal infarction and that the CPK-MM isoenzyme 
predominated. Furthermore the pattern of CPK elevation 
was similar in both studies, with elevated serum CPK. 


At 2 Hours . 
Specificity Predictive Value Overall Accuracy 
5/6 (83%) 13/14 (93%) 18/30 (60%)* 
6/6 (100%) 3/3 (100%) 9/30 (30%) 
6/6 (100%) 3/3 (100%) 9/30 (30%) 
6/6 (100%) 171 (100%) | 7/30 (23%) 

At 4 Hours | 
Specificity Predictive Value Overall Accuracy 
5/6 (83%) 18/20 (90%) 23/30 (77%)* 
5/6 (83%) 0/1 (0%) 5/30 (17%) 
6/6 (100%) 4/4 (100%) 10/30 (33%) 
6/6 (100%) 2/2 (100%) 8/30 (27%) 


levels within 3 to 4 hours, peaking at 8 to 9 hours and 
decreasing, but still slightly elevated 24 hours after SMA - 
ligation. In another study his group found that CPK but 
not LDH levels were elevated during strangulated small 
bowel obstruction. | 

The failure of the mucosal enzymes studied to reflect 
the intestinal ischemic injury suggests that elevation of 
intestinal enzymes must be due to factors other than the 
location and severity of injury in the intestinal wall. The 
absence of any elevation in DAO activity was particularly 
disappointing. Diamine oxidase is a cytoplasmic enzyme 
found primarily in the cells at the tip of the intestinal 
villi.? Because DAO activity is found almost exclusively 


_In the intestine, it is a potentially excellent circulating 


marker of intestinal disease, in contrast to disaccharidase 
activity, which is not detectable in the plasma and alkaline 
phosphatase, which is less specific. Wollin et al.!° found 
that SMA: ligation in the rat resulted within 30 minutes 
in decreased DAO activity in the intestinal mucosa and 
increased activity in the intestinal lumen and serum. En- 
zyme activity appeared in the intestinal lumen before 
mucosal permeability increased, suggesting that it was 
initially released by the mucosal cells. Diamine oxidase . 
is also released into the intestinal intercellular space where 
it may enter the blood directly or through lymphatics. !° 
Although Kusche et al.'!)!&!” have reported decreased in- 
testinal DAO activity in rabbits and pigs during intestinal — 
infarction, they failed to detect an increase in serum DAO _ 
activity after SMA occlusion in dogs. There has been one 
anecdotal report of elevated serum DAO levels in a 
woman with nonocclusive bowel necrosis.!® The absence 
of elevated serum DAO activity in dogs in both the present 
study and that of Kusche et al.” suggests that the response 
may be species specific. Although not evaluated in the 
present study, the mucosal enzymes hexosaminidase and 
porcine ileal peptide have been reported to become ele- . 
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vated in the serum during intestinal necrosis and reversible 
intestinal ischemia, respectively, in animels.®!” 

None of the intestinal enzymes studied were of great 
diagnostic value early during reversible intestinal isch- 
emia. Serum CPK levels were elevated in 54% of animals 
with ischemia at 2 hours, but other enzymes were elevated 
in only 10% of cases. Intestinal histology returned to nor- 
mal in the animals undergoing transient ccclusion of the 
SMA for 2 hours after 24 hours. Howev2r CPK, LDH, 
SGOT, and alkaline phosphatase were sænificantly ele- 
vated at this time and were similar to levels achieved with 
SMA ligation. The delayed appearance of these enzymes 
in the serum suggests either delayed release from the gut 
with abbreviated ischemia or, more likely, a response to 
reperfusion. Parks and Granger!‘ have demonstrated that 
ischemia and reperfusion results in a more severe mucosal 
injury than ischemia alone. Kusche et al.'! demonstrated 
a further reduction in intestinal DAO aczivity when the 
ischemic bowel was reperfused in rabbits. 

The seromuscular enzymes were elevazed to a similar 
extent whether 50% of the intestine was devascularized 
or the entire intestine was made ischemic by SMA occlu- 
sion, although several of the highest seram CPK. levels 
were seen in the latter group. Thus we found that the 
enzymes were not released in direct proportion to the 
length of intestine rendered ischemic, nor were they clearly 
related to the mechanism of ischemia. Perhaps a mediator 
released during ischemia of a rather limited extent can 
cause the release of enzymes from intes-ine that is not 
ischemic.”° Such a substance does not require systemic 
hypotension for release because hypotension was not de- 
tected during intraoperative monitoring and enzyme ele- 
vations occurred during this period. Histaraine is one such 
putative vasoactive agent that becomes elevated during 
intestinal ischemia, particularly the reperfusion stage."! 
Our experimental findings, however, differ from clinical 
observations. In a retrospective clinical study, May and 
Berenson”! found that serum levels of serum inorganic 
phosphate correlated with the length of intestinal isch- 
emia. In another clinical study, Sachs anc coworkers’ re- 
ported that serum SGOT, LDH, and CPK levels were 
significantly elevated in patients with noaocclusive isch- 
emia and less elevated in patients with arcerial or venous 
thrombosis. 
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Vascular Surgery, Volumes I and TI. Robert B. Rutherford. 1912 
pp. Philadelphia: W.B. Saunders, 1989. $195.00 (2-volume g 


THE THIRD EDITION of Vascular Surgery appears in two volumes 


with.a list of contributing authors that reads like a who’s who. 


of international vascular surgery. This book remains the most 
comprehensive reference work on vascular surgery that deals 
with the pathogenesis, diagnosis, and treatment of peripheral 
- vascular disorders. All modern surgical approaches to peripheral, 
arterial, and venous diseases are discussed, withthe exception 
of laser therapy and the new experimental atherectomy devices. 
Because both methodologies are still experimental, one suspects 
. that detailed discussion of these modalities will be saved for the 
` fourth edition. Most chapters are very well illustrated in‘black 
and white. Dr. Rutherford and his coeditors have again produced 
- the definitive textbook of vascular surgery. 


JOHN À. Eni M.D. 
Boston, Massachusetts 


Difficult Problems in General Surgery. John L. Sawyers and 
Lester F. Williams. 545 pp. Chicago: Year Book Medical Pub- 
lishers, 1989. $75.00. 


-THIS IS AN EXCELLENT volume. It presents detailed discussions 
of a number of complicated problems frequently encountered 
by a general surgeon. The contributions have been written by 
surgeons with extensive expertise in dealing with the problems 
at hand. Each problem presentation includes a review of general 
principles, specific abnormalities, and, most importantly, the 
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recommended technical approach. The technical issues are well ` 


presented with many practical points emphasized. 

The scope of the text is far réaching. The gastrointestinal tract 
receives particular emphasis. Detailed discussions are presented 
on such problems as esophageal carcinoma, recurrent peptic 
ulceration, reflux gastritis, gastrointestinal motility disorders, il- 
eoanal anastomosis, retained common bile duct stones, porto- 


systemic shunting, and surgical management of metastatic liver ` 


lesions (to highlight just a few topics). In addition specific prob-. 


lems in trauma and vascular and endocrine surgery afe discussed. 
The role of laser therapy in a variety of settings is also presented. 

The discussions are clearly written and appropriately illus- 
trated. The approach taken throughout is very. practical, without 
slighting basic principles or theoretic issues. Many helpful points 


not found in the usual textbook discussions are included. I rec- . 


ommend highly this voimme to all general surgeons active in 
cliniċal practice. 


ANTHONY L. ĪMBEMBO, M.D. 


Baltimore, Maryland 
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H. Kim Lyerly, M.D. 
Advisor for Residents in Surgery . 
Durham, North Carolina ` 


Lasers in General Surgery. Stephen 1 N. Joffe. 3 19 pp. Baltimore: 
Williams & Wilkins, 1989. $65 00. 


THIS TEX INCLUDES 30 chapters contributed by a multinational 
group of 54 authors. The editor states, “The primary objective 
of this textbook is to provide general surgeons and those working 
in related areas with current substantive and practical guidance 
in the comprehensive use of lasers in general surgery.” This ob- 


jective is nicely attained. The compilation represents a clinically - ` 


oriented, well-illustrated group of papers presented by individuals 
with extensive clinical and practical experience in each area. As 
might be expected, the discussions are generally directed toward 
CO, and contact neodymium YAG laser applications and tech- 
nology. . 

Several chapters merit special notice. The section on percu- , 
taneous treatment of gallstones using laser lithotripsy presents 
much new and useful information. The chapter on application — 


‘of laser excisional techniques for advanced intra-abdominal tu- 


mors provides a number of interesting case presentations dem- 
onstrating an extension of resectability. Experimental liver and 
splenic surgery are well outlined with a few added illustrative 
case reports. The chapter on endoscopic treatment of early gastric 
cancer in Japan presents an unusual experience with this unique 
disease, with clinical discussions of patients in whom laser en- 
doscopic treatment was elected because of age, high risk, or re- 
fusal of operation. The extensive experience in France by Jean- 
Marc Brunetaud on endoscopic laser treatment of rectosigmoidal . 
tumors is very well presented and demonstrates considerable 
patient benefit from the use of this modality in villous adenomata 
and in the palliation of advanced rectosigmoidal tumors. The ` 
Mesters experience with laser biostimulation in experimental ° 


-. wound healing and in healing of indolent clinical ulcers in 2160 


patients with cutaneous and mucosal ulcers is intriguing. Analysis 
of the efficacy of the method is complicated by the fact: that 


‘randomization of patients was not used in the study and those 
treated in the laser group were patients who failed ‘ ‘conventional ere 


therapy” (controls). 

- The book contains a good collection of clinical information. 
and should prove useful to the practitioner using CO, and contact 
neodymium YAG laser techniques. 


JOHN A. DIXON, M.D. — 
Salt Lake City, Utah 


Atlas of Urologic Surgery. Frank Auma. Jr. 1057 pp. Phila- 
delphia: W. B. Saunders, 1989. $165.00. 


rs 


THE ATLAS OF UROLOGIC SURGERY 1s-a comprehensive atlas of 
urologic surgical techniques, excluding endoscopy. The sections 
are well organized, contain practical information, and are easy 
to read. 
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Each section covers related topics for a specific organ. Each 
procedure is illustrated and described step-by-step, with precau- 
tions included. A list of necessary instruments and possible post- 
operative problems is included. Almost 200 renowned contrib- 
utors have reviewed the chapter related to their specific area of 
expertise and made a commentary following the procedure de- 
scription, often with hints and suggestions that only an authority 
could contribute. 

An entire section is devoted to incisions. This covers the di- 
verse number of incisions used by the urologist and includes 
indications, anatomic illustrations, and specific commentary. 
Another section, although possibly unnecessary, is given to “The 
Urologist’s Workshop” and includes illustrations and descrip- 
tions of basic, general, and plastic surgical techniques that are 
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generally encompassed within the diverse field of urologic sur- 
gery. 

The references for each procedure are listed within a separate 
section and include the classic as well as more current literature. 
This can be a handy reference for review of history and expe- 
rience with specific operations. 

This is a long-awaited atlas for both the urologist in training - 
and the practicing urologist. Information on history, diagnosis, 
and assessment are purposely not included so that the text is 
entirely devoted to technique. This atlas will become a basic 
reference for both the resident and the practicing urologist. 


NANCY A. LITTLE, M.D. 
Los Angeles,California 


Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It is the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS 


Type manuscript double spaced, including title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, in 
this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and fig- 
ures (see journal’s instructions) in heavy-paper envelope. Sub- 
mitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 8% by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 in.). Use double 
spacing throughout, including title page, abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, ab- 
stract and key words, text, acknowledgments, references, indi- 
vidual tables, and legends. Number pages consecutively, begin- 
ning with the title page. Type the page number in the upper 
right-hand corner of each page. 


Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously submitted, 
or already accepted for publication elsewhere. This does not 
preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publi- 
cation of preliminary findings elsewhere, usually in the form of 
an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
middle initial, and last name of each author, with highest aca- 
demic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence 
about the manuscript; [7] name and address of author to whom 
requests for reprints should be addressed, or statement that re- 
prints will not be available from the author; [8] the source(s) of 
support in the form of grants, equipment, drugs, or all of these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). | 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually 
but not necessarily—divided into sections with the headings In- 
troduction, Methods, Results, and Discussion. Long articles may 
need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Other types of 
articles such as case reports, reviews, and editorials are likely to 
need other formats, and authors should consult individual jour- 
nals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 


Methods: Describe your selection of the observational or ex- 
perimental subjects (patients or experimental animals, including 
controls) clearly. Identify the methods, apparatus (manufactur- 
er’s name and address in parentheses), and procedures in sufi- 
cient detail to allow other workers to reproduce the results. Give 
references to established methods, including statistical methods; 
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provide references and brief descriptions of methods that have 
been published but are not well known; describe new or sub- 
stantially modifed methods, give reasons for using them, and 
evaluate their limitations. 

When reporting experiments on human tubjects, indicate 
whether the procedures followed were in accord with the ethical 
standards of the Committee on Human Exper mentation of the 
institution in which the experiments were done or in accord 
with the Helsinki Declaration of 1975. When reporting experi- 
ments on animal subjects, indicate whether the institution’s or 
the National Research Council’s guide for the care and use of 
laboratory animals was followed. Identify prec:sely all drugs and 
chemicals used, including generic name(s), dosage(s), and route(s) 
of administration. Do not use patients’ names, initials, or hospital 
numbers. s 

Include numbers of observations and the statstical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suit- 
ably presented in the form of one or more appendixes. 

Results: Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in 
the tables and/or illustrations: emphasize or summarize only 
important observations. 

Discussion: Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limications and relate 
the observations to other relevant studies. Linx the conclusions 
with the goals of the study but avoid unqualified statements and 
conclusions not completely supported by your data. Avoid 
claiming priority and alluding to work that has not been com- 
pleted. State new hypotheses when warranted_ but clearly label 
them as such. Recommendations, when aprropriate, may be 
included. i 
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Acknowledge only persons who have made substantive con- 
tributions to the study. Authors are responsible for obtaining 
written permission from everyone acknowlecged by name be- 
cause readers may infer their endorsement of ihe data and con- 
clusions. 


REFERENCES 


Number references consecutively in the order in which they 
are first mentioned in the text. Identify referenzes in text, tables, 
and legends by arabic numerals (in parenthesis. References cited 
only in tables or in legends to figures should be numbered in 
accordance with a sequence established by the first identification 
in the text of the particular table or illustraticn. 

Use the form of references adopted by the U.S. National Li- 
brary of Medicine and used in Index Medicu:. Use the style of 
the examples cited at the end of this section, which have been 
approved by the National Library of Medicine. 

The titles of journals should be abbreviatec according to the 
style used in Index Medicus. A list of abbreviated names of 
frequently cited journals is given near the end of this document; 
for others, consult the “List of Journals Indexed,” printed an- 
nually in the January issue of Index Medicus 

Try to avoid using abstracts as references; ‘unpublished ob- 
servations” and “personal communications” may not be used 
as references, although references to written, not verbal, com- 
munications may be inserted (in parentheses) in the text. Include 
among the references manuscripts accepted but not yet pub- 
lished; designate the journal followed by “in press” (in paren- 
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theses). Information from manuscripts submitted but not yet 


accepted should be cited in the text as “unpublished observa- 
tions” (in parentheses). 

The references must be verified by the author(s) against the 
original documents. 
Examples of correct forms of references are given below. 


Journal - 


1. Standard Journal Article (List all authors when six or less; when 
seven or more, list only first three and add et al.) 

Soter NA, Wasserman SI, Austen KF. Cold urticaria: release 
into the circulation of histamine and eosinophil chemotactic 
factor of anaphylaxis during cold challenge. N Engl J Med 1976; 
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2. Corporate Author 
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method for the determination of gammaglutamyltransferase in 
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Books and Other Monographs 
3. Personal Author(s) 
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4, Corporate Author 
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5, Editor, Compiler, Chairman as Author 
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6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading mi- 
croorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Patho- 
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7. Agency Publication 
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Other Articles 
8. Newspaper Article 
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insomnia, explain mental illness, How the messengers work. Wall 
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9, Magazine Article 


Roueché B. Annals of medicine: the Santa Claus culture. The 
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TABLES 

Type each table on a separate sheet: remember to double space. 
Do not submit tables as photographs. Number tables consecu- 
tively and supply a brief title for each. Give each column a short 
or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbre- 
viations that are used in each table. For footnotes, use the fol- 
lowing symbols in this sequence: *, t, £, §, |], 1, **, tł... 
Identify statistical measures of variations such as SD and SEM. 
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Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

Having too many tables in relation to the length of the text 
may produce difficulties in the layout of pazes. Examine issues 
of the journal to which you plan to submit your manuscript to 
estimate how many tables to use per 1000 words of text. l 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


ILLUSTRATIONS 

Black-and-white illustrations and tabular material will be 
published free in moderate numbers. Excess illustrations, excess 
tabular material, and all color illustrations will be charged to 
the author. Submit the required number of complete sets of 
figures. Figures should be professionally drawn and photo- 
graphed; freehand or typewritten lettering is unacceptable. In- 
stead of original drawings, roentgenograms, and other material, 
send sharp, glossy black-and-white photographic prints, usually 
12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 25.4 cm 
(8 by 10 in.). Letters, numbers, and symbols should be clear and 
even throughout, and of sufficient size tha: when reduced for 
publication each item will still be legible. Titles and detailed 
explanations belong in the legends for illustrations, not on the 
illustrations themselves. 

Each figure should have a label pasted on its back indicating 
the number of the figure, the names of the authors, and the top 
of the figure. Do not write on the back of the figures or mount 
them on cardboard, or scratch or mar them using paper clips. 
Do not bend figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with the background. 

If photographs of persons are used, either the subjects must 
not be identifiable or their pictures must be accompanied by 
written permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure 
has been published, acknowledge the original source and submit 
written permission from the copyright holder to reproduce the 
material. Permission is required, regardless of authorship or 
publisher, except for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, 
send two -positive color prints to assist editors in making rec- 
ommendations. 


LEGENDS FOR ILLUSTRATIONS 

Type legends for illustrations double spaced, starting on a 
separate page with arabic numerals corresponding to the illus- 
trations. When symbols, arrows, numbers, or letters are used to 
identify parts of the illustrations, identify and explain each one 
clearly in the legend. Explain internal scale and identify method 
of staining in photomicrographs. 


ABBREVIATIONS 


Use only standard abbreviations (see below for lists of com- 
monly used approved abbreviations). Consult the following 
sources for additional standard abbreviations: [1] CBE Style 


Manual Committee. Council of Biology Editors style manual: 
a guide for authors, editors, and publishers in the biological sci- 
ences. 4th ed. Arlington: Council of Biology Editors, 1978; and 
[2] O’Connor M, Woodford FP. Writing scientific papers in En- 
glish: an ELSE-Ciba Foundation guide for authors. Amsterdam, 
Oxford, New York: Elsevier-Excerpta Medica, 1975. Avoid ab- 
breviations in the title. The full term for which an abbreviation 
stands should precede its first use in the text unless it 1s a standard 
unit of measurement. 

In most countries the International System of Units (SI) is 
standard or is becoming so. Report measurements in the units 
in which they were made. Journals may use these units, convert 
them to another system, or use both. 


COMMONLY USED APPROVED ABBREVIATIONS 
Standard Units of Measurement 


Abbreviation 

Term or Symbol 
ampere A 
inestrém A 
barn b 
candela cd 
coulomb C 
counts per minute cpm 
counts per second cps 
curie Ci 
degree Celsius eC 
disintegration per minute dpm 
disintegration per second dps 
electron Volt eY 
equivalent Eq 
farad F 
gauss G 
gram g 
henry H 
hertz Hz 
hour h 
international unit : IU 
joule J 
kelvin K 
kilogram ; kg 
liter, litre ‘ lorL 
meter, metre m 
minute min ` 
molar M 
mole mol 
newton N 
normal (concentration) N 
ohm Q 
osmol : osmol 
pascal Pa 
revolutions per minute À: rpm 
second ' S 
square centimeter cm? 
volt V 
wati W 
week wk 
year ` yr 
Combining Prefixes 
tera- ao") T 
giga- a0) G 
mega- (108 M 
kilo- UO) k 
hecto- (1) h 
deca- . (10) da 
deci- (00) d 
centi- 00 c 
milli- (107) m 
micro- (10%) y 
nano- 00) n 
pico- (10°) p 
femto- (oS) f 
atto- ao a 


Statistical Terms 


correlation coefficient 
degrees of freedom 

mean 

not significant 

number of observations 
probability 

standard deviation 
standard error of the mean 
“Student's” t test 

variance ratio 


Others 
adenosinediphosphatase 


adenosine 5’-diphosphate (adenosine diphosphate) 


adenosine 5’-monophosphate (adenosine 
monophosphate, adenylic acid} 
adenosine triphosphatase 


adenosine 5’-triphosphate (adenosine triphosphate) 
adrenocorticotropic hormone (adzenccorticotropin) 


bacille Caimette-Guérin 
basal metabolic rate 
body temperature, pressure, and saturated 
central nervous system 
coenzyme A 
deoxyribonucleic acid (deoxyribonucleate) 
. dihydroxyphenethylamine 
electrocardiogram 
electroencephalogram 
enteric cytopathogenic human orphan (virus) 
ethyl 
ethylenediaminetetraacetate 
gas-liquid chromatography 
guanosine $’-monophosphate (guanosine 
monophosphate, guanylic acid) 
hemogtobin a 
logarithm (to base 10; common logarithm) 
logarithm, natural 
methyl 
Michaelis constant 
negative logarithm of hydrogen ion activity 
partial pressure of CO, 
partial pressure of O, 
per 
percent 
radiation (ionizing, absorbed dose) 
respiratory quotient 
specific gravity 
standard atmosphere 
standard temperature and pressure 
ultraviolet 
volume 
volume ratio (volume per volume) 
weight 
weight per volume 
weight ratio (weight per weight) 


ABBREVIATIONS OF NAMES OF FREQUENTLY CITED JOURNALS 


Acta Medica Scandinavica 

American Family Physician 

American Heart Journal 

American Journal of Cardiology 
American Journal of Clinical Nutrition 
American Journal of Clinical Pathology 
American Journal of Digestive Diseases 
American Journal of Diseases of Children 
American Journal of Human Genetics . 
American Journal of the Medical Sciences 
American Journal of Medicine 

American Journal of Obstetrics and Gynecology 
American Journal of Ophthalmology ~ 
American Journal of Pathology 

American Journal of Physical Medicine 
American Journal of Physiology 
American Journal of Psychiatry 

American Journal of Public Health 
American Journal of Roentgenology 


\ 


dopamine 
ECG 
EEG 
ECHO 

Et 

EDTA 
GLC 


vol 
vol/vol 
wt 
wt/vol 
wt/wt 


Acta Med Scand 
Am Fam Physician 
Am Heart J 

Am J Cardiol 

Am J Clin Nutr 
Am J Clin Pathol 
Am J Dig Dis 

Am J Dis Child 
Am J Hum Genet 
Am J Med Sci 

Am J Med 

Am J Obstet Gynecol 
Am J Ophthalmol 
Am J Pathol 

Am J Phys Med 
Am J Physiol 

Am J Psychiatry 
Am J Public Health 
AJR | 


American Journal of Surgery 


American Journal of Tropical Medicine and Hygiene 


American Review of Respiratory Disease 
Anaesthesia 

Anesthesiology 

Annais of Allergy 

Annals of Interna] Medicine 

Annals of Otology, Rhinology and Laryngology 
Annals of Surgery 

Annals of Thoracic Surgery 

Archives of Dermatology 

Archives of Environmental Health 

Archives of General Psychiatry 

Archives of Internal Medicine 

Archives of Neurology 

Archives of Ophthalmology 

Archives of Otolaryngology 

Archives of Pathology and Laboratory Medicine 
Archives of Physical Medicine and Rehabilitation 
Archives of Surgery 

Arthritis and Rheumatism 

Biood: Journal of Hematology 

Brain: Journal of Neurology 

British Heart Journal 

British Journal of Obstetrics and Gynaecology 
British Journal of Radiology 

British Journal of Surgery 

British Medical Journal 

Canadian Journal of Public Health 

Canadian Medical Association Journal | 

Cancer ` 

Chest - 


Circulation; Journal of the American Hearn Association 


Circulation Research 

Clinical Pediatrics 

Clinical Pharmacology and Therapeutics 
Clinical Science and Molecular Medicine 
Clinical Toxicology 

Diabetes 

DM, Disease-a-Month 

Endocrinology 

Gastroenterology 

Geriatrics 

Gut 

Human Pathology 

Investigative Radiology 


JAMA: Journal of the American Medical Association 


Journal of Allergy and Clinical Immunology 
Journal of Applied Physiology 
Journal of Biological Chemistry 


Journal of Bone and Joint Surgery: American Volume 
Journal of Bone and Joint Surgery; British Volume 
Journal of Clinical Endocrinology and Metabolism 


Journal of Clinical Investigation 

Journal of Clinical Pathology 

Journal of Experimental Medicine 
Journal of Gerontology 

Journal of Immunology 

Journal of Infectious Diseases 

Journal of Investigative Dermatology 
Journal of Laboratory and Clinical Medicine 
Journal of Laryngology and Otology 
Journal of Medical Education 

Journal of Nervous and Mental Disease 
Journal of Neurosurgery 

Journal of Pathology 

Journal of Pediatrics 

Journal of Physiology 

Journal of Thoracic and Cardiovascular Surgery 
Journal of Trauma 

Journal of Urology 

Lancet 

Medical-Clinics of North America 
Medical Letter on Drugs and Therapeutics 
Medicine (Baltimore) 

New England Journal-:of Medicine 
Obstetrics and Gynecology 

Pediatrics Clinics of North America 
Pediatrics 
Physiological Reviews 
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Am J Surg 
Am J Trop Med Hyg 


` Am Rev Respir Dis 


Anaesthesia 
Anesthesiology 
Ann Allergy 


-Ann Intern Med 


Ann Otol Rhinol Laryngol 
Ann Surg 

Ann Thorac Surg 

Arch Dermatol! 

Arch Environ Health 
Arch Gen Psychiatry i 
Arch Intem Med 

Arch Neurol 

Arch Ophthalmol 

Arch Otolaryngol 

Arch Pathol Lab Med 
Arch Phys Med Rehabil 
Arch Surg ; 
Arthritis Rheum 

Blood 

Brain 

Br Heart J 

Br J Obstet Gynaecol 
Br J Radio! 

Br J Surg 

Br Med J 

Can J Public Health 
Can Med Assoc J 
Cancer ` 
Chest 

Circulation 

Circ Res 

Clin Pediatr (Phila) 
Clin Pharmacol Ther 
Clin Sci Mol Med 

Clin Toxicol 

Diabetes 

DM 

Endocrinology 
Gastroenterology 
Geriatrics 

Gut 

Hum Pathol 

Invest Radiol 

JAMA 

J Allergy Clin Immunol 
J App! Physiol 

J Biol Chem 

J Bone Joint Surg [Am] 
J Bone Joint Surg [Br] 
J Clin Endocrinol Metab 
J Clin Invest 

J Clin Pathol 

J Exp Med 

J Gerontol 

J Immunol 

J Infect Dis 

J Invest Dermatol 

J Lab Clin Med 

J Laryngol Oto! 

J Med Educ 

J Nerv Ment Dis 

J Neurosurg 

J Pathol 

J Pediatr 

3 Physiol 

J Thorac Cardiovasc Surg 
J Trauma 

J Urol 

Lancet 

Med Clin North Am 
Med Lett Drugs Ther 
Medicine (Baltimore) 

N Engi J Med 

Obstet Gynecol 

Pediatr Clin North Am 
Pediatrics 

Physiol Rev 
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Plastic and Reconstructive Surgery Plast Reconstr Surg 


Postgraduate Medicine Postgrad Med 
Progress in Cardiovascular Diseases Progr Cardiovase Dis 
Public Health Reports Public Health Rep 
Radiology Radiology 


Rheumatol Rehabil 
Semin Roentgenol 
Surgery 

Surg Gynecol Obstet 


Rheumatology and Rehabilitation 
Seminars in Roentgenology 
Surgery 

Surgery, Gynecology and Obstetrics 


SUBMISSION OF MANUSCRIPTS 


Mail the required number of manuscript copies in a heavy 
paper envelope, enclosing the manuscript copies and figures in 
cardboard, if necessary, to prevent bending of photographs.during 
mail handling. Place photographs and transparencies in a sep- 
arate heavy paper envelope. 

Manuscripts should be accompanied by a covering letter from 
the author who will be responsible for correspondence regarding 
the manuscript. The covering letter should contain a statement 
that the manuscript has been seen and approved by all authors. 
The letter should give any additional information that may be 
helpful to the editor, such as the type of article the manuscript 
represents in the particular journal, information on publication 
of any part of the manuscript, and whether the author(s) will be 
willing to meet the cost of reproducing color illustrations. Include 
copies of any permissions needed to reproduce published ma- 
terial or to use illustrations of identifiable subjects. 


PUBLISHER’S NOTICES 


CHANGE OF ADDRESS: Please allow 60 days before date of 
issue for change of address. Notification should include the old 


as well as the new address, with indication of whether the change 
is temporary or permanent. Please give the name of the journal. 

Change of Address and Subscription correspondence for all 
countries except Japan should be sent to: 


ANNALS OF SURGERY 
Journal Fulfillment Department 
Lippincott/Harper 
2350 Virginia Avenue 
Hagerstown, MD 21740 


Correspondence about subscriptions in Japan should be 
sent to: 


Woodbell Incorporated 
4-22-11, Kitakasai 
Edogawaku 
Tokyo 134, Japan 


Copies will not be replaced without charge unless we receive 
a request within 60 days of the mailing in the U.S. or within 5 
months in all other countries. 

BUSINESS ADDRESS: Reprints, advertising, and all business 
communications should be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Company 
East Washington Square 
Philadelphia, PA 19105 


Get the facts and the comparisons 


in a single reference source 





DRUC 


ND COMPARISONS 


Founding Editor: Erwin K. Kastrup, R.Ph. 
Managing Editor: Bernie R. Olin, Ill, Pharm.D. 


Facts: 


More than 11,000 drug products including 
over 4,000 OTC items listed. Group 
monographs of closely related drugs; 
actions, indications, and contraindications; 
warnings and precautions, interactions 
between drugs, adverse reactions; 
administration, dosage and overdosage, 
patient information. Updated monthly. 


Comparisons: 


Of drug to drug, of different dosage forms, 
brands compared to brands and to 
generics, costs related to costs, all 
grouped by therapeutic category for ease 
of comparison. 


Facts and Comparisons 


Also included are important facts on: 

e Center for Disease Control biologicals 
and antiparasitic drugs 

è |V solutions 

e therapeutic and annosiic biologicals 

therapeutic and diagnostic ophthalmic 

preparations 

diagnostic aids and radiographic 

contrast media and products 

e NCI investigational chemotherapeutic 

drugs 

combination cancer chemotherapy 

regimens 

e radioprarmaceuticals 


e manufacturers index 


facts and 
COMOAISONS 


111 West Port Plaza, Suite 423 
St. Louis, MO 63146-3098 


314/878-2515 * 800/223-0554 








Unsolicited comments from satisfied pharmacists 
throughout the United States indicate how your 
colleagues feel about Facts and Comparisons: 


“Yours is still the best book. Keep up the good work.” 
` —Eari S. Meyer, R.Ph., Evanston, Illinois 


“It has, beyond a shadow of a doubt, become my pharmaceutical bible.” 
—Roger Sirois, R.Ph., Waterville, Maine 


“It is the best medicine reference | have ever seen or used. Keep up the 
great work,” 
—Gary Johnson, R.Ph., Dallas, Texas 


"I must congratulate you on the excellence of your publication——-especially 
the more expanded and detailed information of the recent years.” 
~—~Alex Ravnik, Pharm.D., Hayward, California 


“Facts and Comparisons is a marvelous text—a necessary requirement 
for a pharmacist.” 


—V. C. Mossman, R.Ph., Phoenix, Arizona 


Over 2,500 pages 
$129.00 (includes 


Also available in: 
Microfiche 

$129.00 (includes 

11 monthly updates). 


Six 4” x 6” 
microfiche cards; 
reader required. 
Drug Facts and 
Comparisons 
2,570 pages 
$79.50 


11 monthly updates) 


42-48 power microfiche 


1990 Hardbound Edition 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruting personnel or inter- 
ested in obtaining positions. Display spaces available 
for those desiring greater visibility or more space for 
their message. 


Classified ad copy, like other advertising copy, will 
be reviewed for approval prior to publication. 


Classified Rates: $10.00 per line or fraction of 
line. The average line will be 62 characters. 


Box Numbers: Replies may be directed via Box # 
to J.B. Lippincott Company, at an extra charge per 
insertion of $6.50 to cover handling costs in forward- 
ing such replies to the advertiser. 


How to Order: Prepayment not required. ae 
typewritten text copy for the ad ta: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kathleen Phelan 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will 
run in the second following month's issue, e.g. 
November 15th for January issue. Ads received after 
the 15th will run in the next available issue. 





ACADEMIC POSITION AVAILABLE IN GENERAL 
SURGERY at a newly established Medical School based in a 500+ 
bed tertiary care hospital serving a population center of 350,000. 
Duties include research, teaching students and residents. Large 
research laboratory in operation, staffed by a biochemist. Generous 
salary, office expenses and insurance with an opportunity for private 
practice. Please send CV: Will C. Sealy, M.D., Professor and 
Chairman, Department of Surgery, 777 Hemlock St., P.O. Box 
6000, Macon, GA 31208. 


ALL SURGICAL SPECIALTIES, North & South Carolina, 
Florida, Delaware, nationwide. Dr. Len Goodman, P.O. Box 
25786, Charlotte, NC 28229, 704-536-2527. 


BC/E GENERAL SURGEON—California—Exceptional 
opportunity to assume an excellent private practice. Guaranteed 
income. Growing service area now 96,000. California license 
required. 112 bed full service hospital. Located in Central California 
near Sequoia National Park. Tulare offers a family-oriented envi- 
ronment, beautiful homes attractively priced, abundant recreation, 
good schools, restaurants, services and shipping, New businesses are 
contributing to the steady growth of our active community, where 
the lifestyle advantages of a small city are combined with easy access 
to all California’s attractions. For more information, please send CV 
or call: Tulare District Hospital Physician Recruiting Office, PO. 
Box 90112, Los Angeles, CA 90009, (213) 216-2687. 


BC/BE SURGEON—General/Vascular experience required. 
Endoscopy and/or thoracic desirable. Multi-specialty clinic. Position 
available, 1991. Attractive NE Wisconsin. Abundant outdoor 
activities in family-oriented community. Send CV. David Manke, 
M.D., West Side Clinic, Box 19070, Green Bay, WI 54307. 


FACULTY POSITION—General Surgery (Surgical Intensi- 
vist): The Department of Surgery of the Medical College of 
Pennsylvania which is located in Philadelphia is recruiting a Surgical 
Intensivist with interest in Trauma. MCP is a level II accredited 
trauma center. Intensivist will join a busy multi-specialty general 
surgery practice group with varied expertise. Hospital tertiary care 
services in surgery include cardiothoracic, neurosurgery, orthoped- 
ics, vascular, and surgical oncology and trauma. Interest in academics 
and research required. Interested candidates must be board certified 
in general surgery and have demonstrated clinical and teaching 
expertise. MCP is an equal opportunity employee. Contact Howard 
A. Zaren, M.D., C/O Julie Magan, 3300 Henry Avenue, 
Philadelphia, PA 19129. 


FACULTY POSITION—Plastic Surgery: The Department of 
Surgery of the Medical College of Pennsylvania which is located in 
Philadelphia is recruiting a Plastic Surgeon for a full time academic 
position, Plastic Surgeon will join a multi-specialty Department of 


Surgery with tertiary care services including cardiothoracic, neuro- 


surgery, orthopedics, vascular, surgical oncology and trauma. MCP 


- is a level II accredited trauma center. Interest in academics and 


research required. MCP is an equal opportunity employer. Contact 
Howard A. Zaren, M.D.,C/O Julie Hagan, 3300 Henry Avenue, 
Philadelphia, PA 19129. 


GENERAL SURGEON—BC/BE to join three-man group in 
beautiful western Maryland. Must be willing and able to do vascular 
surgery. University training preferred. Send CV to: RO. Box 2495, 
Cumberland, MD 21502. 301-724-7666. 


GENERAL SURGEON—Kaiser Permanente’s Kansas City 
Region is experiencing continuous membership growth and is 
seeking board certified General Surgeons. Our six medical offices are 
strategically located throughout the city. Kaiser Permanente has 
enjoyed success since its inception in 1942, We offer excellent salary 
and benefits, affiliation with two tertiary care facilities, family 
oriented metropolitan area, fully paid malpractice insurance, and 
scheduled time off. Send CV or call Larry V. McDonald, M.D., 
6900 Squibb Road, Suite 200, Shawnee .Mission, KS, 66262; 
(913) 722-8418. 


GENERAL SURGEON—Surgical group seeking BC/BE, univer- 
sity trained associate. PV fellowship or extensive experience 
required. Complete non-invasive laboratory. Beautiful rural setting. 
Two hours from New York City. Send reply to: Box ANN3A, J. B. 
Lippincott Company, East Washington Square, Philadelphia, PA 
19105. 


General/Vascular Surgeon with vascular fellowship to join three 
surgeons in practice of General, Vascular and Thoracic Surgery in 
Southern New Jersey, close to Philadelphia and shore points. 
Benefits and salary leading to partnership opportunity, Send CV to 
Box ANN3B, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 


GROUP HEALTH COOPERATIVE OF PUGET SOUND, a 
370,000-member prepaid group practice, currently has a position 
available for a General Surgeon with an emphasis in oncology. 
Referral only practice in a multi-specialty organization. To inquire, 
write: Manager of Medical Staff Personnel, 521 Wall Street, 
Seattle, WA 98121. 


i. 


GENERAL SURGEON desired for outstanding opportunity to 
associate with three colleagues in an accredited multispecialty group. 
Drawing area nearly 400,000 with two modern hospitals. Simulat- 
ing Big-10 University community of 110,000 with superb cultural 
advantages. Ideal for families. Medical School teaching afficiation if 
desired. Initial guarantee and fringes with early associatechip and 
subsequent income based on productivity. Send CV to Miedical 


_ Director, Christie Clinic, 101 W. University, Champzign, IL 


61820. 


MONTANA—-Board Certified/Eligible General Surgeon t join 3- 
member department in a 40 physician multispecialty grous. Please 
address inquiries and CV’s to Wyman Taylor, Box 5012, Great 
Falls, MT 59403. (406) 454-2171; FAX (406) 454-0455 


RESEARCH FELLOWSHIP: Research Fellowship in thoracic 
oncology available for two to three years. Projects incude the 
immunology and molecular biology of lung cancer and studies on 
molecular mechanisms of lung cancer progression. Salar” is sup- 
ported by an NIH Training Grant. Applicants must be U.S. Citizens 
or permanent residents enrofled in a General or Thoracic: Surgery 
Residency Program. Send curriculum vitae and three references to 
Dr. Jack A, Roth, Chairman, Department of Thoracic Surgery, 
Box 109, University of Texas M.D. Anderson Hospital and 
Tumor Institute, 1515 Holcombe Blvd., Houston, Texas 77030. 
An Equal Opportumity/Affirmative Action Employer. 


RESIDENT RESEARCH FELLOWSHIP—Division >f Pedi- 
atric Surgery-St. Louis University: A one to two year research 
fellowship is available with the Division of Pediatric Surgery, 
Department of Surgery, St. Louis University. The division currently 
has three faculty members, 2 second year resident fellow, and two 
research associates. The laboratory is equipped to perfomm small 
animal and fetal surgical procedures, tissue culture, and nimerous 
enzyme and biochemical assays. There is a strong empasis on 
techniques in molecular biology for analysis. Current projects 
concentrate on: 1) oncogene and growth factor expresscon with 
cholestasis, liver regeneration, and liver tumor induction. >) amino 
acid metabolism and growth factor expression in intrauterine growth 
retardation. 3) interorgan amino acid metabolism with a model of 
site directed metastasis. For further information regarding require- 
ments and stipend contact: Tom Tracy, Jr., M.D., Division of 
Pediatric Surgery, Cardinal Glennon Children’s Hospital, 1465 
South Grand Boulevard, St. Louis, MO 63104, (314) 577-5629. 


The Department of Surgery at Tulane University School of 
Medicine is seeking a director for the Division of Thoracic Surgery. 
The Division consists of thoracic surgery education programs 
conducted in the Charity Hospital of New Orleans, the Veterans 
Administration Medical Center of New Orleans, and the Tulane 
University Hospital. Active programs are available in adult thoracic 
surgery as well as the surgery of congenital heart disease. The 
Division sponsors a fully approved graduate education program in 
thoracic surgery. The individual being sought for this positicn should 
have qualifications :o be a thoracic surgery program directoc. A clear 
record of academic productivity, teaching expertise, and adzninistra- 
tive experience should likewise be evident. Recommenda‘ions and 
correspondence should be directed no later than May 1, 1990, to 
Lewis M. Flint, M.D., Chairman, Department of Surgery, 
Tulane University School of Medicine, New Orleans, L.A 70112. 
Tulane University is an equal opportunity/affirmativs action 
employer and applications from qualified women and minority 
group members are especially encouraged. 


The Department of Surgery of Tulane University School of 
Medicine is seeking a faculty member at the assistant or associate 
professor level in the Division of General Surgery. The candidate 
should be qualified by having completed full surgical training and 
having attained certification by the American Board of Surgery or 
the individual should be eligible for such certification. Clear potential 


for academic productivity and research endeavor should be evident. . 


Administrative experience is desirable and a commitment to the 
education of residents and medical students is essential. Applications 
and recommendations should be forwarded to Dr. Lewis Fiint, 
Professor and Chairman, Department of Surgery, 1430 Tulane 
Avenue, New Orleans, LA 70112 no later than April 1, 1990. 
Tulane University is an equal opportunity/affirmative action 
employer and applications from qualified women and minority 
group members are especially encouraged. 


VIRGINIA—BC/BE General Surgeons sought for affiliation with 
major metropolitan medical center. High interest in Trauma or 
Pediatric Surgery training. Financial guarantees. Coastal location. 
Send CV to: Janet Clayton, AM Care, P.O. Box 51068, Durham, 
NC 27717; or cali 800-477-0600. : 


VIRGINIA/NORTH CAROLINA-—Solo and group opportuni- 
ties for BC/BE General Surgeons. Send CV to: Janet Clayton, AM 
Care, P.O. Box 51068, Durham, NC 27717; or call 800-477-0600. 


VOLUNTEER GENERAL SURGEON-—International Medical 
Corps, a non-profit organization which provides medical assistance 
and health care training to devastated countries is seeking General 
Surgeons to volunteer their expertise for six months in Peshawar, 
Pakistan. Duties are to retrain local Afghan Physicians and lecture 
in our ongoing medic training program, should time permit. Room, 
board, airfare, stipend provided for six mos. commitment, send CV 
to: International Medical Corps, 10880 Wilshire Blvd. Suite 606, 
Los Angeles, CA 90024, Attention: Roz Grace, 213-474-3927. 


WANTED: Board eligible or Board certified general surgeon with 
subspecialty in vascular surgery to join a three man surgical practice 
in Upstate New York. Send C.V. to Surgical Associates, P.C., 161 
Riverside Drive, Binghamton, NY 13905. 


Miscellaneous 


April 20-21, 1990: Vascular Trauma: Diagnosis and Manage- 
ment. Postgraduate course, sponsored by Department of Surgery, 
University of Florida Health Science Center, Jacksonville, Florida 
and the Florida Vascular Society, at the Jekyll Island Club Hotel, 
Jekyll Island, Georgia. For information contact Alicia Azouz, CME 
Coordinator, UFHC/J, 580 W. 8th Street, Jacksonville, Florida 
32209, (904) 359-6510. 


Copies of articles from this 
publication are now available from 
UMI Article Clearinghouse. 


UMI A Bell & Howell Company 
300 North Zeeb Road, Ann Arbor, MI 48106 
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Problems in developments i in surgery. surgical information throughout the word, Drawing 
' on their own clinical experience and that of other 
General Surgery nny aoe soo bo (is = recognized authorities, the members of the board 
Lloyd M Nyhus M.D.. Editor bo d (Canada). rovide commentary to further amplify and 
es of hardbound volu! Aleo Included are editorias, repots of New 
This series of hardbound volumes features a sym- , r 
posium on a specific topic in general surgery in each The American Surgeon discoveries, residents’ comer, and book reviews. 1 
a A aired ar deNA AAAA Official Publication of the Southeastern Published bimonthly. Individual rate $45.00 per year 
solutions to difficult problems encountered in prac- Surgical Congress, the Midwest Surgical p 3, ‘Canady Seapets) eae US., 
tice. Clinical problems are emphasized, with concen- Association, and the Society of American 
tration on difficulties and complications. Leading Gastrointestinal and Endoscopic Surgeon; 5 , 
autorite, chosen far Pelr experi ower intheir (SAGES) Diseases of the 
assigned topics, contribute articles on specific ` i 
subjects, pooling the expertise of specialists for the P William Curri, M.D., Editor-in Chief. Colon and Rectum 
benefit of generalists. An authoritative forum for the publication of © =i, | ; 
Published quarterly, Individual rate $65.00 per year _ original papers contributing to the advancement of Official Journal of the American Society of 
Wu 8), $8500 ISEN). Residents $40. OS ~ surgery. Each issue contains information on the Colon and Rectal Surgeons and the _ 
only). clinical application of new methods used in the International Society of University Colon and 
y Heel of patients; Ai es um Rectal Surgeons 
| , continuing education questions; condensed reviews 
Annals of Surgery „of ununun ke mporn N kea articles aa "i. gin n M.D., » Eitor “It ae 
Official Publication of The American Surgical _ @™phasizing the technica aspects o! surgery: ee researc a are ciar art ot aces 
Association, The Southern Surgical $ Published monthly. Individual rate $60.00 per ear pero al aii Wedel o Ra 
US), $75.00 (elsewhere). Residents $34.00 (US g gory. I IT stop 
Association, Philadelphia Academy of Ony, it includes articles from physicians worldwide who 
Surgery, and the New York Surgical Society ` OW en importan: ee ins otter new ‘ 
David €. Sablston, Jr., M.D., Chairman of nsights into basic research in metabolism, "tt 
Editorial and Advisory Board. Current Surgery pathology, virology, radiology, and the clinical 7 
, + practice of medicine and surgery. 
Annals of Surgery—the world’s oldest exclusively The Official Journal of the Association of 
surgical journal—has provided the medical com- Program Directors in Surgery Published monthly. Individual rate $85.00 per year 
munity with reports on significant contributions to <j M. Nyhus, M.D.. Editor Hey $105.00 (elsewhere). Residents $44.00 
the advancement of surgical science and practice . oya Wl. Nyhus, M.D., Caitor. U.S.), $60.00 (Canada). 


for over 100 years. Its 20,000 subscribers find ita An internationally renowned editorial board pre- 
practical way to keep up to date with important _ pares abstracts from every dependable source of 





Lippincott 
J. B. Lippincott Company 


PO. Box 1600 . 
nee MD 21741-1600 


WTO ORDER.. Call us TOLL FREE (USA except AK) 1-800-638-3030. 
In Marviand. J collect 301-824-7300. 





Regional Pancreatectomy for Pancreatic & Peripancreatic Cancer: 
Surgical Techniques, Management, Metabolic 
Sequelae and End Results 


Memorial Sloan-Kettering Cancer Center 
Benno Schmidt Auditorium 
April 19 and 20, 1990 
8:30 AM to 5:00 PM 


SURGICAL CONSIDERATIONS 
e The Concept and Basis of Regional Pancreatectomy 
e Pathology and Staging cf Pancreatic Adenocarcinoma 
e Criteria for Resection. 
e Techniques: Film Presentations with Panel Discussion 
e Portal Venous and-Segnented Arterial Resection with Regional Pancreatectomy 
e Non-fouch Resection fo: Pancreatic Head Cancer 
è Panel: Morbidity & Mortality 
e Total vs. Subtotal Pancreatectomy - 
e Panel: Survival of Patients with Pancreatic or PAN ict Cancer 


ADJUVANT THERAPY 
e Regional Pancreatectony with Intra-Operative Radiation Therapy 
e Adjuvant {ORT During Pancreatectoduodenectomy ` 
e Multimodality Therapy for Resectable Pancreatic Cancer 
e Prospects for Effective Adjuvant Therapy for Pancreatic Cancer 


METABOLIC CONSEQUENCES | 
e Clinical Aspects of Surgical Diabetes and Its Long-Term Sequelae 
e Role.of Somatostatin in Recovery from Pancreatectomy 
e Glucose and Intermediary Metabolism in Post-Pancreatectomy Diabetes 


PARTICIPANTS : 
Daiva Bajorunas, M.D. Henri Joyeux, M.D. 

Stig Bengmark, M.D. : ‘ o Takeshisa Kiraoka, M.D. 
Murray Brennan, M.D. : Tatsuo Matsuyama, M.D. 
George Cahill, M.D. Hisashi Mimura, M.D. 
‘John Cameron, M.D. Takukazu Nagakawa, M.D. 
‘Alan Cherrington, M.D. , Hideo Ozaki, M.D. 

Antonio Cubillo, M.D , Bernard Saint-Aubert, M.D. 
Stephen DelPrato, M.D. ~ Robert Sherwin, M.D. 
Vincent DeVita M.D. . | ‘Takashi Suzuki, M.D. 
Joseph Fortner, M.D | ` Ryoichi Tsuchiya, M.D. 
Karl Glaser, M.D. l | | Niels Van der Hyde, M.D. 
E. Moreno Gonzales -= Aaron Vinik, M.D. 


Jonathan Jaspan, MD. Hannele Yki-Jarvinen, M.D. 


Please pre-register by calling (212) 639-7469 or wilting to 
Dr. Joseph G. Fortner 
1275 York Avenue 
New York, NY 10021 
















Director Of Surgery 





Jersey City Medical Center, a 
447-bed maior acute care teaching 
hospital in northern New Jersey. 
invites nominations and applica- 
tions for Director of the Depart- 
ment of Surgery. JCMC provides 
EMS services for Hudson County 
and has an active trauma center/ 
emergency room (60,000 visits per 
year). 


The Director will be responsible 
for clinical and academic programs 
. within the department and will 
lead a multi-hospital initiative to develop a surgical residency 
training program to complement established programs in’ 
medicine, pediatrics, OB/GYN, ophthalmology and orthopedics. 


The successful candidate will.be Board Certified in general 
surgery or a surgical specialty and will have had experience in 
an RRC-approved institution. 





Please submit curriculum vitae in confidence to Anthony 
Damato, MD, Chairman of the Search Committee and 
Director of Medicine, Jersey City Medical Center, 50 Baldwin 
Avenue, Jersey City, New Jersey 07304, An Equal Opportunity 


2) JERSEY CITY MEDICAL CENTER 


GENERAL SURGEON 
'COLUMBIA-PRESBYTERIAN 
MEDICAL CENTER 


Olumbia-Presbyterian Medical 
Center currently has BC/BE for 
full-time position in a Surgical Emer- 
gency facility. Candidate for position 
must be Board Certified or certifiable 
and have the training anc record of 
accomplishment which will qualify 
him/her for academic appointment at 
the Assistant Professor level or above. 
An interest in surgical education is 
essential. Excellent opportunity with a 
competitive starting salary. Qualified - 
applicants send current CV with salary 
history to: Alan Benvenisty, M.D., 630 
W. 168th St., N.Y., N.Y. 10032. This 
institution takes affirmative action 
toward equal opportunity. 












We're building a healthier future for you. | 






Chairman, Department of Surgery 


The Western Pennsylvania Hospital is conducting a search for a 
Chairman of the Department of Surgery and Program Director for 
its independent fully accredited general surgical residency. The 
position entails academic leadership in administration of a depart- 
ment of surgery and directorship of its general surgical residency. 
Applicants must be board certified and have administrative expe- 
rience, be interested in developing and enhancing medical staff 
activities, and have a record of academic accomplishments suffi- 
cient to warrant a university faculty appointment at the level of pro- 
fessor or associate professor. Applicants should have well-_ - 
developed communication and leadership skills, a record as an 
effective teacher and a career interest in directing a general surgi- 
cal residency program. The Western Pennsylvania Hospital is a 
548-bed voluntary not-for-profit tertiary care teaching hospital 
located in the Bloor, field section of Pittsburgh. The Hospital! has 
eight residency programs including internal medicine, obstetrics 
and gynecology and numerous subspecialty fellowships. Major ter- 
tiary care services include an open heart surgery program which 
has more than 900 cases per year, a full service burn unit, a full 
service oncology program and programs in major surgical subspe- 
cialties. A 30,000 square foot research institute adjacent to the main 
campus will be completed by January 1991. The chairmanship is a 
full-time salaried position with a limited private practice. Compensa- 
tion package is very attractive and is designed to recruit the candi- 
date of choice. Those interested in this position should send a letter 
of application and a copy of their current curriculum vitae to: 


Herbert S. Diamond, M.D., Chairman, Surgery Search Commit- 
tee, The Western Pennsylvania Hospital, 4800 Friendship 
Avenue, Pittsburgh, Pennsylvania 15224. 


Equal Opportunity Employer 
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FOr your professional lllorary 
Bound volumes o'f 


Annals of Surgery 





Long after your personal copies of 
ANNALS OF SURGERY have been read, 
shared with your office staff, used up and 
worn out, you can have instant access to 
the unique and valuable information in 
back issues of this distinguished journal by 
ordering bound volumes. 


Your bound volumes give you a permanent and 
comprehensive reference for changes and 
advances in your specialty—a source that will 
grow and increase in usefulness over the years. 
Each volume features: 


a all text pages of every issue, including the 
complete author and title indexes 
a no advertising—only professional, clinically 


pertinent material (a space-saver on your 
bookshelves) 


of 


RCERY SURGERY SURGER"’ 


of 
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to go to the trouble and expense of having them 
bound locally. We over-run copies of each issue 
in order to have sufficient quantities on hand. 
But we must tell our printer how many we need, 
so please let us know right away. 


T You must be a current subscriber to take 
buckram, with the journal name, year, and 


volume number imprinted in gold on the spine Order your bound volumes today. They will be on 


their way to you shortly after the publication of 
No need to return your personal copies to us, or the final volume issue. 





Yes! Piease send me the 1989 bound volumes of Annals of Surgery 
(65-98650/65-98668) for $60.00 U.S. ($70.00 elsewhere). 





42 10 ORDER... Call us TOLL FREE (uss except AK) 1-800-638-3030. 
In Maryland, call collect 301-824-7300. 
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FOR COMPLETE 
COMFORT 





> ABEISBSOSPA See OED 


ANUSOL® Ointment and Suppositories 
offer just the right active ingredients 5 on sensitive perianal sur- y 
to relieve discomfort from feee | faces, pramoxine HCI pro- 

hemorrhoids and irritated AUGUE mai knon EEB a MEAR a Í| vides prompt pain relief. 

anorectal tissue. Zinc oxide, "=S 2273, ANUSOL Ointment and 

available in both formulations, soothes and Bupsonitares: .formulated to deliver com- 

lubricates tender anorectal tissue, protect- plete comfort. 


but less sensitizing. Used 










ing it against further irritation. | To receive a complimentary supply of | 
ANUSOL Ointment offers the added benefit | patient booklets on relieving anorectal | 

of pramoxine hydrochloride—an effective lo- _ discomfort, along with an easel display, 

cal anesthetic that’s as potentas benzocaine | call 1-800-537-5179. Ge Sins 








Hemorrhoidal Suppositories and Ointment 


All the ingredients for soothing hemorrhoidal relief 


© PARKE-DAVIS 
Consumer Health Products Group 
Warner-Lambert Co 


>) 1989 Warner-Lambert Company Morris Plains, NJ 07950 USA P1709(5-89) 


April 1990 
Volume 211, Number 4 


ISSN 0003-4932 


Annals oO 
sureger 


A Monthly Review of 
Surgical Science and Practice 
since 1885 


J. B. Lippincott Company 
Philadelphia 























References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations 
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Please see adiacent paae for brief summary of prescribing information. 





Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin’? 


less frequent dosing 
than cefoxitin** 


several times the half-life 
of cefoxitin*® 


single-dose prophylaxis/ 
EO twice-daily treatment 


Count on 


CEFOTAN... 


(cefotetan disodium) 


In intra-abdominal and gynecologic infection 





due to indicated organisms 


© 1989 ICI Americas Inc 
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due to indicated organisms 


For Intravenous or intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and Lap agate ge strains), Haemophilus influenzae 
— ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), us epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and £ coli. 

Gynecologic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains), us epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus apaa 

intra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae”), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.* 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
Causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with seal pectin have been shown 
to be synergistic in vitro — many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
Lhe el may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 

PH S: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, an pansin surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 


CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
WARNINGS 


Before therapy with CEFOTAN is instituted, careful nee) ae be made to determine whether the 
patient has had us yg orgasm reactions to cefotetan disodium, cephalosporins, 
s. 


nicillins, or other dru is product should be given cautiously to penicillin-sensitive patients. 
ntibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to C N occurs, discontinue the drug. 


Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
si m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
re” pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN result in over- 
rowth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
oes occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

i È dpo rians be used with caution in individuals with a history of gastrointestinal disease, par- 

icularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 

characterized by flushing, anaing, headache, and tachycardia may occur when alcohol (beer, wine, 

etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
so caged of alcoholic beverages following the administration of CEFOTAN. 

UG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine g 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 


CE FOTAN as : 
(cefotetan disodium) 


In intra-abdominal and gynecologic infection | 


i Niles a 


=æ 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and popas in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this ake should be used — pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
ponies able occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
sitive direct Coombs test (1 in 250), and thrombocytosis (1 in rr 
epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 


1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 


1 in 700). 

{cal effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 
TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 

















Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
af og adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, a ype a 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 

















DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 
“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 

When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ———————— 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half = usual recommended dose on the day of dialysis. 


2°C and should be protected from ae 
in 10 mL vial (NDC ig Ri 2 g in 20 mL via Seg 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 


Manufactured for 
STUART PHARMACEUTICALS 
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A NEW EDITION OF A CLASSIC SURGERY TEXT 





“excellent... should be essential reading for residents in general 
surgery and for those surgeons with an interest in endocrine disease.” 
—Mayo Clinic Proceedings (of the Ist Edition) ~*~ 


Surgical Endocrinology: 


Clinical Syndromes, 2nd Edition 
Edited by Stanley R. Friesen, M.D., Ph.D., and Norman W. Thompson, M.D. / With 37 Contributors 


Also new in this edition: 
@ Greater emphasis on clinical application 


@ Updated practical algorithms (diagnostic 
flowcharts) to provide guides for clinical 
management of each syndrome 


High Praise for the ist Edition 


“the overall standard is excellent. | believe 
the strength of this book lies mainly in the 
basic concepts that are stressed and the 
overall unified organization of the material. 
Dr. Friesen has succeeded admirably in his 
purpose of bringing into focus the recent 
massive proliferation of basic and clinical 
information related to the rapidly expanding 
dimensions of the neuroendocrine system. 
This book should be essential reading for 
residents in general surgery and for those 
surgeons with an interest in endocrine 
disease’’—Mayo Clinic Proceedings, of 
the ist Edition 


“outstanding. ..provides lucid and concise 
coverage of endocrine syndromes...a com- 
pilation of chapters, each written specifically 
by experts acknowledged in their field...the 
chapters are concise, indicate the most 





Other Fine Surgery Titles 





from Lippincott... 


Textbook of Liver and 
Gallbladder Surgery 

By William C. Meyers, M.D., 

and R. Scott Jones, M.D. 

An illustrated, in-depth reference for 
surgery of the liver and biliary tract. we 
Covers pertinent anatomy, physiology, 
biochemistry, immunology and 
pathology for each disorder. About 
544 Pages. 342 Illus. 153 Tables. 
March 1990. 65-09384. $99.50. 





New chapters include: 


important and relevant areas of knowledge; 
and attempt to provide clear overviews rather 


E The Inhibitory Syndromes: 


than purely detailed discussion and complex Somatostatinoma Principles and 
coverage...A particularly pleasing aspect of E Hormones, Neural Transmitters, and Other Management of 
the monograph is the editorial commentary Humoral Markers of Endocrine Tumors Surgical Infections 


by Dr. Friesen... '—Practical Gastroenter- 
ology, of the 1st Edition 


This new edition of the definitive work on 
surgical endocrinology contains the most 
recent descriptions of the features of the 
known endocrine syndromes. Now revised for 
a closer integration of basic science and 
clinical aspects. 


NO-RISK GUARANTEE! 


If you're not completely satisfied, just 


return the books within 30 days with 
no obligation. 


Also send: 


[tt 





WE Cytochemical Identification of Neuro- 
endocrine Tumors 


E Stimulation and Suppression Tests 


W Localization of Gastroenteropancreatic 
(GEP) Tumors by Selective Venous Assays 


W Management of Anesthesia in Endocrine 
Surgery 
E Pseudo-Zollinger-Ellison Syndrome. 


About 512 Pages. 
169 Illustrations. 54 Tables. 
April 1990. 65-10267. $79, 50 


g Order today! Lippincott books are available through your health science 
bookstore and your Lippincott representative. For mail order service 
direct, please use this convenient coupon. Or call us TOLL FREE 
(USA except AK) 1-800-638-3030. In Maryland, call collect 301-824-7300 


J.B. LIPPINCOTT COMPANY / P.O. BOX 1630, HAGERSTOWN MD 21741-1630 


O YES! Please rush my copy of Friesen & Thompson: Surgical Endocrinology, 2/e (65-10267) for $79.50 
C Meyers & Jones (65-09384) $99.50 C Davis & Shires (65-08998) in prep. 


attach this order form 


By John M. Davis, 


M.D., 


and G. Tom Shires, M.D. 
Three sections cover the biology of 

inflammation, epidemiology, bacteriol- 
ogy, and antibiotic therapy of surgical 


infections, and the prevention and 
management of specific surgical 


infection problems. 672 Pages. 125 
Illustrations. 25 Tables. August 1990. 
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EDITORIAL 


Pyridoxylated Hemoglobin Solution 
as an Oxygen Carrier 


exchange transfusion with polymerized pyridoxylated hemoglobin solution (Poly SFH-P) in six normal baboons. 

Their results, while limited in scope, were impressive. At a hematocrit level of less than 2, all six animals 
survived the exchange transfusion with maintenance of mean arterial pressure, heart rate, oxygen consumption, and 
cardiac output. In contrast to previous preparations (SFH), the final plasma hemoglobin was higher and the effects 
presumably better maintained because the half-life of Poly SFH-P is considerably longer. If safe and effective alternatives 
for red cell transfusion can be found, the risk of transfusion-related diseases could be reduced, if not eliminated, and 
thus their findings could represent a major contribution to clinical care because the risk of transfusion reactions, AIDS, 
hepatitis, and other transmissible diseases could be eliminated. However there are several major questions that must 
be addressed before using this or similar solutions for the treatment of human disease. First is it absolutely certain that 
the preparation is totally incapable of transmission of viral diseases? This question must be rigidly tested in primate 
models before consideration for human experiments. Perhaps almost as important, what are the long-term consequences 
of total replacement of red cells with Poly SFH-P? In the current experiments, the animals were killed at the end of 
the experiment, thus prohibiting follow-up observations. In addition to potential renal failure and dilutional coagu- 
lopathies and opsoninopathies, surely there must be major effects on the immune system, particularly macrophage 
function. Presumably the material is cleared by the reticuloendothelial system, with the hemoglobin ultimately being 
converted to bilirubin, and the long-term consequences of this are of more than a little interest. While cautious 
optimism and judicious exploration of this material for supporting the oxygen-carrying capacity of the blood in humans 
are warranted, many serious questions remain and the benefits and risks must always be compared to the gold standard 
of human blood. Whether its potential for therapeutic application in humans comes to fruition remains to be determined. 


a he manuscript by Gould and his colleagues describes selective hemodynamic and physiologic effects of total- 
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The Role of Surgery in the Management 


of Acute Pancreatitis 





JOHN H. C. RANSON, B.M., B.CH. 





Surgical intervention in acute pancreatitis may have varied goals. 
Early laparotomy may be required for diagnostic purposes. There 
is, however, no convincing evidence that attempts to reduce the 
morbidity of severe pancreatitis by early operative pancreatic 
drainage, early formal pancreatic resection, or early biliary pro- 
cedures have been effective. In fact, they may be harmful. Peri- 
toneal lavage by catheter induced under local anesthesia may 
ameliorate early cardiovascular and respiratory complications 
in some patients. Preliminary experience suggests that early op- 
erative debridement of devitalized pancreatic tissue with post- 
operative lavage may be helpful in selected patients. Patients 
with infections of devitalized pancreatic or peripancreatic tissue 
require operative debridement and drainage or packing. Other 
complications such as colonic necrosis or pseudocysts also require 
operative treatment. Rarely do patients require operation to re- 
lieve protracted pancreatitis. Patients with gallstone-associated 
pancreatitis should usually undergo surgical correction of their 
cholelithiasis as soon as their pancreatitis has subsided. 


CUTE PANCREATITIS FIRST became widely rec- 

ognized as a clinical and pathologic condition at 

the end of the 19th century. In 1886, Senn,' a 
Chicago surgeon, speculated that operative intervention 
might benefit patients with pancreatic necrosis or abscess. 
Three years later, Fitz, a Boston physician, considered 
that early operative intervention would be ineffective and 
hazardous. 

During the first three decades of the 20th century, acute 
pancreatitis was usually diagnosed at operation or at au- 
topsy. Because a significant proportion of those diagnosed 
at surgery survived, early operative intervention was rec- 
ommended.’ After the introduction of methods for mea- 
surement of amylase levels, the nonoperative diagnosis of 
acute pancreatitis became more frequent and early surgical 
intervention was thus widely regarded as unnecessary or 
harmful. 
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During the past 30 years, however, it has become in- 
creasingly clear that some patients with more severe forms 
of pancreatitis do not survive with nonoperative treatment 
alone, and interest in the value of surgical measures has 
been renewed. 

Operative intervention now may be considered in pa- 
tients with acute pancreatitis for five general purposes: 
diagnosis, amelioration of pancreatitis, treatment of spe- 
cific complications, relief of protracted pancreatitis, and 
prevention of recurrent acute pancreatitis. 


Diagnosis 


In most patients with acute pancreatitis, the diagnosis 
can be made with reasonable certainty on the basis of 
clinical, radiographic, and laboratory findings. In some 
patients, however, the diagnosis can be extraordinarily 
difficult. This point is emphasized by a recent report from 
Scotland in which 42% of patients who died from acute 
pancreatitis had their diagnosis made for the first time at 
autopsy examination.* 

In patients with acute abdominal pain and suspected 
acute pancreatitis, it may be difficult or impossible to ex- 
clude life- threatening extrapancreatic disease by non- 
operative means. Diagnostic laparotomy to exclude or 
treat such extrapancreatic disease may be required in up 
to 5% of patients with pancreatitis. In this regard, it should 
be stressed that strong positive evidence of acute pancre- 
atitis does not exclude the possibility of coexisting extra- 
pancreatic pathologic conditions in some patients. 

When uncomplicated acute pancreatitis is found at di- 
agnostic laparotomy, it is essential that the abdominal 
exploration should be complete and should establish the 
diagnosis unequivocably. If gallstones are present and the 
pancreatitis is mild, operative correction of biliary disease 
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at this time is usually safe and will reduce the risk of 
recurrent pancreatitis. In patients with severe gallstone 
pancreatitis, it may be safer to limit biliary surgery to 
cholecystostomy and cholangiography.” 

In patients with mild pancreatitis, most authors agree 
that no further operative procedure is appropriate.*” It 
has been our experience that placing pancreatic drains in 
such patients causes increased late pancreatic sepsis and 
thus should be avoided.’ 

The role of other surgical procedures such as pancreatic 
resection or drainage in patients with severe pancreatitis 
is discussed later. It should be recognized, however, that 
once laparotomy has been undertaken, the choice of fur- 
ther surgical intervention is a different question from that 
of whether early surgery is beneficial as compared to early 
nonoperative treatment. 


Early Therapeutic Surgery 


A variety of surgical measures have been recommended 
early in acute pancreatitis to limit the severity of pancreatic 
inflammation or to interrupt the pathogenesis of compli- 
cations. They fall into the following categories: pancreatic 
drainage, pancreatic resection or debridement, biliary 
procedures, peritoneal lavage, and thoracic duct drainage. 
Reported experience with thoracic duct drainage is very 
limited and will not be discussed further.?~!? 

Much controversy has surrounded the value of early 
therapeutic surgery in patients with acute pancreatitis. A 






Cholecystostomy 


FiG. 1. Diagramatic repre- 
sentation of sump drainage of 
the pancreas combined with 
gastrostomy, cholecystos- 
tomy, and feeding jejunos- 
tomy. 
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major factor in this controversy has been that, in general, 
surgical measures have been proposed only for patients 
with severe, hemorrhagic, or necrotizing pancreatitis and 
yet identification of such patients has usually been based 
on subjective features. During the past 15 years, a number 
of objective methods have been described for stratifying 
populations of patients with pancreatitis. These have been 
reviewed in detail elsewhere, '* but it is clear that objective 
identification of specific groups of patients with acute 
pancreatitis is essential for both individual patient man- 
agement and for the evaluation of proposed treatments. 


Pancreatic Drainage Procedures 


As mentioned earlier, pancreatic drainage was advo- 
cated at the beginning of this century. After the report of 
Waterman in 1968,'* it has received further attention, 
although usually for patients judged to have severe pan- 
creatitis. In 1970 Lawson described operative drainage of 
15 such patients.'? He combined sump drainage of the 
pancreas with cholecystostomy, gastrostomy, and feeding 
jejunostomy (Fig. 1) and 74% of patients survived. In a 
further report from Boston, 82% of patients drained early 
for fulminating disease were believed to have benefitted 
from surgery and 64% survived.’ 

A more recent report by McCarthy described experience 
with pancreatic drainage in 40 patients.'° Only 50% of 
these patients were operated on because their pancreatitis 
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was thought to be severe. The others underwent surgery 
for diagnostic reasons or to treat complications. None- 
theless 59% of the 29 patients operated on during the 
initial 48 hours of treatment died. 

In 1974 we described a very small controlled clinical 
trial that compared conventional nonoperative treatment 
to early operative sump drainage of the pancreas.'’ Only 
10 severely ill patients were included, but morbidity, es- 
pecially respiratory failure and pancreatic sepsis, was dra- 
matically increased in patients undergoing surgery. 

Presently there is no evidence to support the use of 
simple operative drainage of the pancreas in patients with 
uninfected acute pancreatitis. 


Pancreatic Resection or Debridement 


The rationale for pancreatic resection in acute pancre- 
atitis is marked by two strains of thought. The first is the 
proposal that surgical removal of devitalized or necrotic 
tissue is beneficial. Certainly general surgical experience 
supports this principle. The second is that the presence 
of an actively secreting pancreas with a disrupted ductal 
system may contribute to the morbidity and mortality of 
severe acute pancreatitis. 

The first report of pancreatic resection for fulminant 
pancreatitis was in 1963 by Watts.'? Since this report there 
has been extensive interest, primarily in Europe, in the 
possibility that pancreatic resection may ameliorate the 
course of necrotizing acute pancreatitis.” Evaluation 
of reported experience has been clouded by three issues. 
The first is identification of the risk of death or major 
complication in the patients treated. They are always de- 
scribed as having fulminant, necrotizing, or hemorrhagic 
pancreatitis, but recent reports have emphasized a wide 
discrepancy between the superficial appearance of the 
pancreas and the actual pathologic findings.*°** Current 
studies in which the severity of pancreatitis has been ob- 
jectively estimated have found no benefit from early for- 
mal pancreatic resection.?™ The second issue that makes 
the evaluation of resectional treatment difficult is the 
variable extent of resection. Some authors have favored 
formal resection of part or all of the pancreas,””?’ while 
others have advocated debridement of necrotic tissue 
only.*'*? The third issue that complicates interpretation 
of reported results is the timing of pancreatic resection. 
Some advocate operation within the first 2 or 3 days of 
treatment,?™ while others have urged resection at days 
7 to 14 or later.” 

A prospective randomized study comparing early op- 
eration and subtotal distal pancreatic resection to early 
operation and placement of catheters for postoperative 
peritoneal lavage has been reported from Finland.** This 
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study was interpreted as justifying early distal subtotal 
pancreatectomy in necrotizing pancreatitis. However the 
differences in morbidity and mortality rates among treat- 
ment groups did not achieve statistical significance. Fur- 
thermore there was no group treated without formal lap- 
arotomy. The severity of pancreatitis in the reported pa- 
tients, as estimated by objective prognostic signs, was only 
moderate. The reported mortality was 22% to 47% and 
substantially greater than the 13% mortality, which would 
have been expected after early nonoperative treatment of 
patients with pancreatitis of comparable severity. 

Experimental studies of early formal pancreatic resec- 
tion in dogs with acute pancreatitis has not provided sup- 
port for this approach.*>*° 

Follow-up data of surviving patients who were treated 
by resection for severe pancreatitis indicate that 40% to 
92% of patients develop diabetes mellitus.**“° The inci- 
dence of diabetes in patients surviving less radical treat- 
ment may be lower, but this is hard to establish.*’ 

During the past 7 years, there has been increasing in- 
terest in the use of contrast-enhanced computed tomog- 
raphy to identify areas of pancreatic necrosis.**°* When 
studied by computed tomography, the normal pancreas 
shows dramatic enhancement after the rapid intravenous 
injection of a large bolus of contrast material (400 mg I/ 
kg). Failure of the gland to appear enhanced after contrast 
injection has been interpretted as evidence that that por- 
tion of the pancreas was unperfused or necrotic (Figs. 2 
and 3). To support this interpretation, Block’? has shown 
that there is a reasonably close relationship between con- 
trast-enhanced CT estimates of nonperfused pancreas and 
the degree of pancreatic necrosis determined at surgery. 

Beger and his associates have used failure of contrast 
enhancement on computed tomography combined with 
clinical factors to identify patients for an operative ap- 
proach, which includes debridement of devitalized tissue 
and postoperative lavage of the lesser omental sac.°*°° A 
recent report>’ described 95 such patients. The median 
duration of illness before operation was 7 days, and the 
median period of postoperative lavage of the lesser sac 
was 25 days. The extent of pancreatic necrosis was de- 
scribed as focal in 39 patients, extended in 32, and subtotal 
or total in 24. In 37 (42%) of 89 patients studied, bacterial 
cultures from surgery were positive. Overall mortality was 
8.4%. Mortality was 5.1% in patients with focal necrosis, 
6.3% with extended necrosis, and 16.7% in those with 
total or subtotal necrosis. Fourteen per cent of patients 
with positive operative cultures died, compared to 6% of 
those with sterile cultures. 

The overall mortality rate achieved by this approach 
in a group of patients with pancreatitis of moderate to 
marked severity is impressively low. Most surgeons agree 
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FIG. 2. Computed tomo- 
graphic scan showing good 
enhancement of the pancreas 
(arrows) after the injection of 
intravenous contrast. Con- 
siderable inflammatory 
changes are seen anterior to 
the neck of the gland. 





FIG. 3. Computed tomo- 
graphic scan showing failure 
of enhancement of a portion 
of the pancreas (arrows) after 
injection of intravenous con- 
trast material. 
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that patients with infected pancreatic necrosis require op- 
erative debridement and the 14% mortality rate achieved 
by Beger in this group is comparable to that in other recent 
reports.°°°’ Whether surgical debridement benefitted those 
patients who had sterile necrosis is impossible to assess. 
Furthermore it is not clear what the relative contributions 
of operative debridement and prolonged peritoneal lavage 
were to the excellent results achieved. Nonetheless the 
results reported with this approach are impressive and 
deserve further evaluation. 


Biliary Procedures 


Among nonalcoholic patients with acute pancreatitis, 
approximately 60% have gallstones." It is reasonable to 
hope that in these patients in whom the initiation of pan- 
creatitis is presumably related to mechanical events in- 
volving the stones, manipulation of the biliary tree may 
influence the course of acute pancreatitis. 

Two major factors have contributed to the controversy 
that surrounds this issue. The first is difficulty in deter- 
mining the presence or absence of acute pancreatitis, and 
the second is the wide variability in the natural history of 
gallstone pancreatitis. 

Many authors consider that acute gallstone pancreatitis 
is present if the patient has abdominal pain, vomit- 
ing, elevated amylase levels, and demonstrated gall- 
stones.°?-®° Unfortunately 12.5% to 79% of such patients 
have no evidence of pancreatitis at early operation or au- 
topsy.°”°*’' Some authors consider that pancreatitis is 
present if serum amylase levels exceed 800 to 1200 IU/ 
L,’°’*-”4 while others have found an inverse relationship 
between amylase levels and pancreatic pathology.6®75 
Acosta’®’’ and Kelly’*’*’8 have added the presence of 
jaundice to their criteria for diagnosing gallstone pancre- 
atitis. 

Second, as in pancreatitis of other etiologies, most pa- 
tients with gallstone pancreatitis recover without compli- 
cations. It is patients with severe disease in whom man- 
agement may make the most critical difference in out- 
come. Rational treatment of individual patients and the 
evaluation of therapeutic regimens requires that patient 
populations be stratified according to disease severity by 
objective criteria. 

Although early biliary surgery occasionally has been 
advocated in the past, the current era of interest in early 
biliary intervention in gallstone pancreatitis was initiated 
by a report by Acosta in 1978.’° He reviewed a series of 
86 patients who were managed initially by nonoperative 
means between 1964 and 1972. Sixteen per cent of this 
group died and the mean hospital stay was 25 days. Sub- 
sequently 46 patients were operated on within 48 hours 
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of the onset of symptoms. Cholecystectomy, bile duct ex- 
ploration, and transduodenal sphincterotomy were un- 
dertaken as indicated. In this second group, the mortality 
rate fell to 2% and the mean hospital stay was 13 days. 
In 72% of the more recent group of patients, a stone was 
found impacted at the ampulla of Vater. The authors in- 
terpretted these findings as indicating that persistent cal- 
culous obstruction of the ampulla of Vater was responsible 
for the progression of pancreatic inflammation.’’ Early 
surgical relief of such obstruction was urged. In evaluating 
the high incidence of ampullary calculous impaction in 
Acosta’s report, it is important to note that elevated bil- 
irubin levels were one of their criteria for the diagnosis of 
gallstone pancreatitis. 

In 1979 we reviewed our own experience with 80 epi- 
sodes of gallstone-associated pancreatitis and found that, 
contrary to Acosta’s experience, early surgical intervention 
was associated with a dramatically increased incidence of 
morbidity in patients with severe acute pancreatitis.” Our 
experience with early surgery in 133 patients with gall- 
stone-associated pancreatitis is shown in Figure 4. 

In 1981 Stone® reported a controlled clinical trial in 
which patients were randomly assigned either to early (less 
than 73 hours) cholecystectomy, transduodenal sphinc- 
teroplasty, and pancreatic septotomy, or to early non- 
operative management followed by elective surgery after 
3 months. Jaundice was not a prerequisite for admission 
to this study and ampullary obstruction was present in 
only two patients undergoing early surgery. Thirty-six pa- 
tients underwent early surgery, with one death (2.8%), 
and 13.9% had major complications. None of the patients 
treated nonoperatively died, and their average hospital 
stay was 3 days shorter than that of those who underwent 
early surgery. These data convincingly demonstrate that 
in unselected patients with abdominal pain, hyperamy- 
lasemia, and gallstones, early operative intervention does 
not reduce the morbidity of the acute illness. Stone, how- 
ever, combined the morbidity of elective surgery with that 
of the initial hospital stay and concluded that early surgery 
was preferable. This interpretation is related to the fact 
that elective biliary surgery was associated with a mortality 
rate of 6.9%, and a 13.8% incidence of major complica- 
tions. This is clearly an unacceptable rate of morbidity 
for such surgery. Furthermore a sample of patients selected 
by the presence of abdominal pain and elevated amylase 
levels would include many patients with either no pan- 
creatitis or very mild disease. In these groups, early biliary 
surgery should be safe. 

Kelly” has recently reported a randomized study eval- 
uating the timing of early biliary surgery in gallstone-as- 
sociated pancreatitis. In this study, 165 patients were ran- 
domly assigned to operation within 48 hours of admission 
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Fic. 4. Morbidity and mor- 
tality in patients with mild 
and severe gallstone-asso- 
ciated pancreatitis related to 
early operation. Severity of 
pancreatitis was judged by 
early objective signs.° OP, 
operation within 48 hours of 
admission. NONOP, no op- 
eration within 48 hours of 
admission. 


Percent 


Early 
Treatment OP 
Patients 8 


or to delayed surgery, which was undertaken after pan- 
creatitis had subsided. In patients who underwent early 
operation, the mortality rate was 15.1% and 30.1% de- 
veloped complications. In contrast, in those patients in 
whom surgery was delayed, the mortality rate was 2.4% 
and morbidity decreased to 5.1%. Among those patients 
who had severe acute pancreatitis by objective signs, the 
differences in morbidity rates were even more striking. In 
this group, patients who underwent early operation had 
a 47.8% mortality rate and 82.6% morbidity rate. Among 
those in whom surgery was deferred, 11.8% died and 
17.6% developed complications. It is of note that only 3 
of the 15 patients who died in this study had stones im- 
pacted in the ampulla of Vater. Two were in the early 
intervention group. 

Retrospective reviews by Osborne,’ Welch,® Ton- 
delle,®° and Ong*! all support an early nonoperative ap- 
proach. 

An alternative approach has been advocated in recent 
years, which consists of early endoscopic retrograde chol- 
angiopancreatography (ERCP) and endoscopic sphinc- 
terotomy (ES). A controlled prospective evaluation of this 
approach has been published in 1988.8% Fifty-nine patients 
were randomly assigned to early ERCP, which was suc- 
cessfully accomplished in 52 patients. Endoscopic 
sphincterotomy was undertaken if common bile duct 
stones were present. Sixty-two patients were managed by 
early noninterventional management. In nine patients in 
each group, gallstones were not demonstrated. In the early 
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ERCP and endoscopic sphincterotomy groups, overall 
complications were significantly less (17% vs. 34%) and 
the hospital mortality rate was reduced from 8% to 2%. 
This latter difference was not statistically significant. In 
patients with mild pancreatitis, no benefit was demon- 
strated after endoscopic biliary intervention. Among pa- 
tients who were considered to have severe acute pancre- 
atitis, the morbidity rate was significantly lower (24% vs. 
61%) in the ERCP + ES group and, the mortality rate 
was also less (4% vs. 18%). In evaluating the results of this 
study, it is important to remember that all the procedures 
were performed by one extremely gifted endoscopist. Be- 
cause ERCP and endoscopic sphincterotomy have a sig- 
nificant risk for inducing pancreatitis, great care must be 
taken in considering whether these findings justify wider 
application of this procedure. Also it was impossible to 
know how many of the patients being treated endoscop- 
ically were, in fact, successfully managed for obstructive 
cholangitis with hyperamylasemia, rather than for acute 
pancreatitis. 


Peritoneal Lavage 


In 1965 Wall’ reported marked clinical improvement 
in patients with acute pancreatitis in whom peritoneal 
dialysis had been instituted because of renal failure. Sub- 
sequently extensive experimental and clinical experience 
has been reported.** In 1980 Stone reported a controlled 
clinical trial in which 85% of 34 patients with severe acute 
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pancreatitis treated by early peritoneal dialysis or lavage 
showed “decided improvement in overall condition” at 
the end of 24 hours.*° Only 36% of 36 similar patients 
treated without peritoneal lavage showed comparable im- 
provement. Interpretation of the subsequent results of this 
study is clouded by the fact that 17 patients in the control 
group were subsequently moved to the lavage group. 
Nonetheless of a total of 51 patients who received early 
peritoneal lavage, there were eight deaths (15.6%). In con- 
trast, in the 19 patients who were managed without lavage, 
there were six deaths (31.6%). A small controlled trial by 
Ihse*® and a larger controlled study by Mayer and 
associates?’ found no benefit from peritoneal lavage in 
patients with severe acute pancreatitis. Although Mayer’s 
study included 91 patients, these patients were apparently 
cared for in 24 hospitals and it is possible that variations 
in treatment in the different institutions was a more im- 
portant determinant of outcome than whether the patient 
received peritoneal lavage. 

Our own prospective but not randomly controlled 
experience® has been that early peritoneal lavage in pa- 
tients with severe pancreatitis is often associated with dra- 
matic improvement in cardiovascular and respiratory 
function. However lavage for periods of 2 to 4 days has 
not reduced the incidence of late pancreatic sepsis and 
has not decreased overall mortality. 
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Treatment of Specific Complications 
Pancreatic Sepsis 


Infection of fluid and of devitalized pancreatic and 
peripancreatic tissue occurs in 1% to 9% of patients with 
acute pancreatitis." Reported experience®”” suggests that 
the early identification of pancreatic infection may be fa- 
cilitated by needle aspiration under computed tomo- 
graphic guidance and bacteriologic examination of sus- 
pected areas of pancreatic inflammation. If, however, 
pancreatic infection is suspected strongly on the basis of 
this study or on other clinical or radiologic grounds, sur- 
gical intervention is required. Infection occurring in the 
context of acute pancreatitis is almost always associated 
with extensive tissue necrosis. The infected material is 
semisolid and attempts at percutaneous catheter drainage 
are usually futile and sometimes hazardous. 

Most surgeons now recommend an anterior abdominal 
approach with debridement of as much devitalized tissue 
as can safely be removed by blunt dissection. The ap- 
proach that we have favored*®*”!\”” is illustrated in Figure 
5. The patient is placed supine, with the left side of the 
trunk elevated approximately 15 degrees. The arms are 
widely abducted to allow exposure of the flanks. A long 
subcostal incision is made from the anterior axillary line 
on the right to the mid-axillary line on the left. The lesser 
omental sac is opened widely by dividing the gastrocolic 


FIG. 5. Operative approach 
for debridement and sump 
drainage of infected pan- 
creatic necrosis. 
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omentum and the entire anterior surface of the pancreas 
is explored, including the pancreatic head. Fat overlying 
the pancreas may appear remarkably normal, and it 
should be opened to expose the pancreas itself. The duo- 
denum is mobilized anteriorly and the area posterior to 
the pancreatic tail is explored by dissection carried out 
posteriorly at the inferior margin of the left one third of 
the pancreas. The areas posterior to the ascending and 
descending colon and the root of the small bowel mes- 
entery are closely examined. As much necrotic material 
as possible is debrided. 

Penrose and soft sump drains are placed anterior and 
posterior to the head, body, and tail of the pancreas. Ad- 
ditional drains are placed in any large abscess cavities. 
These drains are brought through separate stab incisions 
as far posterior as possible. Finally a feeding jejunostomy 
is constructed, and, if gallstones are identified, appropriate 
surgical treatment is carried out. Because the material to 
be evacuated is often semisolid, it is essential that the 
drains are large in caliber. To minimize visceral injury, 
the drains should also be soft. The sump drains that we 
use are maintained on continuous suction and are irri- 
gated by a continuous infusion of saline to reduce clog- 
ging.” 

Warshaw and associates have advocated a similar pro- 
cedure but have favored approaching the pancreas through 
the transverse mesocolon. They have stressed that recent 
improvements in diagnosis and supportive care have led 
to reduction in the overall mortality rate from this con- 
dition. It was 38% in 26 cases treated between 1974 and 
1978 and fell to 5% in 19 patients treated between 1979 
and 1983.°’ We have treated 36 patients with infected 
necrosis by radical debridement and sump drainage during 
the past 4 years. the hospital mortality rate was 13.9% 
and 58.3% of patients who required only one operative 
procedure. 

An alternative surgical approach has been to debride 
and pack the pancreatic abscesses. In 1907 Mayo Robson 
and Cammidge”’ advocated “gauze packing and gauze 
drainage” in the treatment of pancreatic abscess. The es- 
sential features of this approach, as advocated recently by 
Bradley, are to debride necrotic tissue and cover the viscera 
with nonadherent porous gauze followed by packing of 
the wound with moist laparotomy pads. The dressings are 
changed under general anesthesia every 2 or 3 days until 
sufficient granulation has formed to permit changes on 
the ward. Redebridement is carried out at each dressing 
change. A mortality rate of 10.7% has been achieved with 
this approach in 28 patients reported by Bradley™ in 1987. 
Pemberton” found that this approach was associated with 
a mortality of 18% in 17 patients compared to a mortality 
rate of 44% in patients managed by closed drainage. 
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It is clear that infected abscess/necrosis in acute pan- 
creatitis requires radical debridement and wide drainage. 
Frequently redebridement is necessary, and open packing 
forces this step on the surgeon. I have not accepted open 
packing as a routine procedure because it is certainly not 
necessary in every patient and is associated with the mor- 
bidity of repeated anesthesia and the risk of bleeding and 
intestinal fistula. 


Gastrointestinal Perforations 


Perforations of the stomach, duodenum, small bowel. 
and colon may occur in patients with severe acute pan- 
creatitis. In some instances, these may be the result of 
radiographic catheter drainage techniques, operative in- 
jury, or erosion into the viscera by drains. Spontaneous 
necrosis and perforation may occur, however, especially 
in the colon.?>-* Most of these perforations are in the 
splenic flexure of the colon or upper descending colon. 
Management depends on the patient’s clinical situation. 
Early in the course of severe pancreatitis, the best treat- 
ment is resection of the perforated segment of colon with 
colostomy and mucous fistula construction. If this cannot 
be accomplished safely, a proximal diversion of the fecal 
stream and drainage of the enteric perforation are indi- 
cated. If the feculent drainage occurs along a well-formed 
drain tract late in the course of management without ev- 
idence of sepsis, no surgical intervention may be required. 


Pancreatic Pseudocysts 


Ill-defined peripancreatic fluid collections are common 
in patients with acute pancreatitis. If they do not become 
infected, they usually resolve”? without any intervention. 
Pseudocysts may be defined as persistent localized collec- 
tions of enzyme-rich fluid with a clearly defined wall made 
of fibrous tissue and adjacent viscera. They occur in only 
1% to 2% of patients with acute pancreatitis. If enlarging, 
symptomatic, or persistant at more than 5 cm in diameter, 
such pseudocysts require treatment. 

Percutaneous needle aspiration of pancreatic cysts has 
been described for many years. The technique has been 
reintroduced after the ability to localize cysts radiograph- 
ically. Simple needle aspiration is, however, associated 
with a high recurrence rate.'!°'°' Percutaneous catheter 
drainage,'°* percutaneous catheter cystogastrostomy, 
and endoscopic cystoduodenostomy'™ have been pro- 
posed on the basis of preliminary experience. The safety 
and efficacy of these approaches remains unknown. 

Operative measures for the treatment of pancreatic 
pseudocysts may be broadly classed into three categories: 
external drainage, internal drainage, and resection. 
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External drainage is usually the simplest and least de- 
manding procedure. Reported experience suggests that it 
is associated with high morbidity and mortality rates. 
However this is in large part due to the patients in whom 
it has been applied. External drainage should be selected 
if the wall of the cyst is immature or friable. External 
drainage may also be used for patients who are septic due 
to pseudocyst abscesses and for those who present difficult 
anatomic problems such as mediastinal dissection. A per- 
sistant fistula may be anticipated in 10% of patients. 

Internal drainage into the stomach, duodenum, or 
jejunum is applicable to most mature pseudo- 
cysts. !0!!95-!09 It is the preferred treatment for patients 
with uncomplicated pseudocysts and those with anatomic 
complications such as duodenal or biliary obstruction. As 
noted below, it should not be used for cysts that have a 
major vascular communication. It should also be avoided 
in patients with pancreatic ascites unless the cyst leak can 
be identified and incorporated into a Roux-y-cyst-jeju- 
nostomy. Drainage into the stomach or duodenum should 
only be undertaken if these viscera form part of the pseu- 
docyst wall. Otherwise a Roux-y-pseudocyst-jejunostomy 
should be constructed. The wall of the cyst should be 
biopsied in all drainage procedures.''° 


Resection 


Because the walls of pancreatic pseudocysts consist of 
adjacent viscera, it is usually not practical to resect the 
cyst itself. In most instances resection is of that portion 
of the pancreas that communicates with the pseudocyst. 
This approach may be preferable for some patients for 
anatomic reasons such as multiple cysts of the pancreatic 
tail. A special circumstance in which resection should be 
strongly considered is that of pseudocyst hemorrhage. If 
major vascular communication with a pseudocyst has oc- 
curred, internal or external drainage is associated with a 
high risk of major postoperative bleeding from the cyst. 
In such patients resection should be undertaken whenever 
practical. 

With current therapy, the mortality rate for the treat- 
ment of uncomplicated mature pseudocysts should be 
close to zero.''' Morbidity and mortality are increased by 
the presence of cyst complications. !? 


Protracted Pancreatitis 


There is a small group of patients in whom acute pan- 
creatitis does not subside completely with nonoperative 
management. This group represents no more than 1% of 
patients. They usually do not have evidence of severe 
pancreatitis and respond well initially to conventional 
treatment. When, however, attempts are made to reintro- 
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duce oral feedings, pain, nausea, fever, and hyperamyle- 
samia recur. These findings resolve with the reintroduction 
of treatment but recur when oral feedings are reinstituted. 
When this course of events repeats itself during several 
weeks, a local mechanical cause must be sought.'!? 

Full evaluation includes ultrasonography, computed 
tomography and, as indicated, endoscopic retrograde 
cholangiopancreatography. In our experience, small 
common bile duct stones are the most frequent cause of 
protracted pancreatitis. Small pseudocysts and pancreatic 
ductal obstruction also may lead to this picture. In these 
patients, the pancreatitis will not resolve completely until 
the mechanical cause is corrected.''* 


Recurrent Acute Pancreatitis 


A number of rare mechanical causes of recurrent acute 
pancreatitis have been described. Each of these may re- 
quire surgical intervention, but they are extraordinarily 
uncommon. They include conditions such as ampullulary 
stenosis, pancreas divisum, duodenal diverticulum, cho- 
ledochocele, and pancreatic duct hemorrhage.''* By far 
the most common cause of recurrent acute pancreatitis 
is, however, biliary lithiasis. 

Sixty per cent of nonalcoholic patients with acute pan- 
creatitis harbor gallstones.’ If cholelithiasis is not cor- 
rected, the incidence of recurrent acute pancreatitis is 25% 
to 63%.6%6197.115-117 TF cholelithiasis is corrected, recurrent 
pancreatitis is seen in 0% to 9.3% of cases.°70807 7111117118 

In the past it has been recommended that operative 
intervention to correct cholelithiasis should be postponed 
for a period of 6 weeks to 3 months after an episode of 
acute pancreatitis. Such waiting, however, exposes the pa- 
tient to a significant risk of recurrent acute pancreatitis.° 
Several reports have documented the fact that surgical 
correction of cholelithiasis to prevent recurrent pancre- 
atitis can be safely accomplished as soon as clinical evi- 
dence of acute pancreatitis has subsided.*6%65-!15-116 This 
is usually within the first several days of hospitalization. 
Because a longer delay has no benefit and carries some 
risk of further pancreatitis, surgical correction of chole- 
lithiasis should be performed at this time in most patients. 
An exception to this general approach is the patient who 
has been severely ill with acute pancreatitis and who has 
developed a large inflammatory pancreatic mass. Ade- 
quate exploration of the common bile duct may be tech- 
nically difficult in such patients. Therefore, if the patient 
is clinically stable, it may be preferable to allow a period 
of several weeks or even months for a resolution of the 
inflammation before undertaking biliary surgery. Such 
patients are uncommon. 

Diagnostic surgical exploration may be required in up 
to 5% of patients with suspected acute pancreatitis to ex- 
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clude or treat life-threatening extrapancreatic disease. The 
role of early operative intervention to ameliorate acute 
pancreatitis has been controversial. There is no convincing 
evidence to support the use of early pancreatic drainage 
or formal pancreatic resection. There is evidence that early 
biliary surgery increases morbidity. Available data do not 
provide any proof for the efficacy of peritoneal lavage, 
but the author continues to believe, on the basis of ex- 
perience, that this measure is a valuable adjunct to the 
management of early cardiovascular and respiratory fail- 
ure. Early surgical debridement of devitalized tissue com- 
bined with prolonged lavage of the pancreatic bed may 
have a valuable role and requires further evaluation. In- 
fection of devitalized pancreatic and peripancreatic tissues 
requires surgical debridement, and a small group of pa- 
tients may require drainage of pseudocysts. Very few pa- 
tients require surgical correction of a cause of protracted 
pancreatitis. In patients with gallstones, correction of 
cholelithiasis is required to prevent recurrent pancreatitis. 
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The Efficacy of Polymerized Pyridoxylated 
Hemoglobin Solution as an O, Carrier 





STEVEN A. GOULD, M.D., LAKSHMAN R. SEHGAL, PH.D., ARTHUR L. ROSEN, PH.D., 


HANSA L. SEHGAL, B.S.M.T., and GERALD S. MOSS, M.D. 


A polymerized pyridoxylated hemoglobin solution (Poly SFH- 
P) has been prepared with a normal [Hb] of 14 g/dL, a normal 
COP of 20 to 25 torr, a Pso of 16 to 20 torr, and a plasma T, 
of 40 to 46 hours. Animals underwent a total exchange trans- 
fusion with Poly SFH-P to assess its ability to support hemo- 
dynamics and oxygen transport in the absence of red cells. All 
animals survived the exchange transfusion. Mean arterial pres- 
sure (MAP), heart rate (HR), cardiac output (CO), and oxygen 
consumption (VO,) remained at baseline values at zero hema- 
tocrit after the exchange. The final plasma [Hb] at Hct less than 
1% was 9.7 + 0.4 g/dL. These results are significantly better 
than previous data with unmodified tetrameric hemoglobin so- 
lution (SFH). Poly SFH-P supports life in the absence of red 
cells. In contrast to SFH, Poly SFH-P achieves a nearly normal 
[Hb], a longer T,,, and maintains baseline hemodynamics and 
oxygen consumption at zero hematocrit. These results document 
that Poly SFH-P is an effective oxygen carrier that offers greater 
potential than previous products as a clinically useful red cell 
substitute. 


E HAVE SHOWN PREVIOUSLY that stroma-free 
W hemoglobin solution (SFH) with a hemoglo- 
bin concentration ([Hb]) of 7 g/dL supports 
life in primates in the absence of red blood cells.'* Al- 
though animals survive such a total exchange transfusion, 
there is a significant decrease from baseline values in ox- 
ygen consumption (VO ), mean arterial pressure (MAP), 
and cardiac output (CO) and an increase in heart rate 
(HR) at zero hematocrit. It is possible that these changes 
are due to the low [Hb] of SFH because the final plasma 
[Hb] in these animals is only 4 g/dL.’ 
The SFH can be prepared with a [Hb] equal to 14 g/ 
dL; however such a solution has an unacceptable colloid 
osmotic pressure (COP more than 60 torr). We have de- 
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veloped a polymerized pyridoxylated hemoglobin solution 
(Poly SFH-P) with a normal COP and a normal [Hb] of 
14 g/dL.* The purpose of this report is to assess the ability 
of Poly SFH-P to support hemodynamics and oxygen 
transport in the absence of red blood cells.’ 


Materials and Methods 


Animal Preparation 


Six adult baboons were anesthetized, paralyzed, intu- 
bated, and mechanically ventilated on room air. The res- 
piratory rate and tidal volume were adjusted to maintain 
a PaCO, between 35 and 45 torr before the start of the 
study, and were not changed during the study. The ani- 
mals were surgically prepared with arterial and central 
venous catheters for infusion, blood sampling, and mon- 
itoring. A thermal dilution balloon-tipped catheter was 
floated into the pulmonary artery. A Foley catheter was 
inserted into the urinary bladder. Standard hemodynamic 
monitoring was performed for EKG, arterial pressures, 
pulmonary capillary wedge pressures, and central venous 
pressures. Cardiac output was determined by the thermal 
dilution method. 


Hemoglobin Solution 


The hemoglobin solution was prepared by a method 
we have previously described.’ Briefly, outdated washed 
red cells are lysed with hypotonic phosphate buffer and 
the stroma removed by filtration. The stroma-free he- 
moglobin is then pyridoxylated to raise the Pso to 22 to 
24 torr. The pyridoxylated hemoglobin (SFH-P) is sub- 
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sequently polymerized with glutaraldehyde. The Poly 
SFH-P is reconstituted in a balanced electrolyte solution 
and sterilized. The Poly SFH-P thus prepared has a [Hb] 
of 14.3 + 0.2 g/dL and a Pso of 16.7 + 0.4 torr. 


Exchange Transfusion 


The study was conducted under ketamine anesthesia. 
After stabilization of the animals, a set of baseline mea- 
surements was obtained. An isovolemic exchange trans- 
fusion with the Poly SFH-P was then performed. Whole 
blood was removed in 50-cc aliquots and was replaced 
with approximately equal volumes of the infusate. Ad- 
ditional volume adjustments were made as required to 
maintain the pulmonary capillary wedge pressure at base- 
line values. The exchange was stopped at hematocrits of 
20%, 10%, 5%, and less than 2% to obtain additional sets 
of measurements. The animals were killed at the end of 
the study. 


4 


Measurements 


Cardiac outputs were determined by the thermal di- 
lution technique and indexed for body surface area. MAP 
and HR were monitored using standard electrodes. VO, 

+ was Calculated as the product of the cardiac output and 
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FIG. 2. Plasma [Hb] versus hematocrit. Data presented as mean + SEM. 
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FIG. 3. Total O, delivery versus hematocrit. Data presented as mean 
+ SEM. 


the total arteriovenous oxygen content difference 
(AVDO,). Total oxygen delivery was calculated as the 
product of the cardiac output and the total arterial oxygen 
content. Oxygen delivery and consumption were indexed 
for body weight. The oxygen extraction ratio was calcu- 
lated as 


Total O, Consumption 


x 100 
Total O, Delivery 


and expressed as a percentage. 

Arterial and mixed venous blood gases were measured 
by standard electrodes [IL-8 13]. Whole blood and plasma 
hemoglobin levels were determined on the IL-282 Co- 
oximeter and corrected for methemoglobin.° Oxygen car- 
ried by whole blood hemoglobin was measured by the IL- 
282 Co-oximeter. The physically dissolved oxygen in the 
aqueous phase was calculated from the PO, and the Bun- 
sen solubility coefficient.’ Hematocrits were determined 
by the microhematocrit method. 


Statistics 


Statistical significance between groups at baseline and 
after total exchange was ascertained by an unpaired Stu- 
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FiG. 4. Mean Arterial Pressure versus hematocrit. Data presented as 
mean + SEM. 
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FIG. 5. Heart rate versus hematocrit. Data presented as mean + SEM. 


-= dent’s t test. Differences within each group between base- 


line and total exchange was determined by a paired t test. 
All results are expressed as mean + standard error (SE). 
The data were compared to those previously reported with 
our SFH.'? The [Hb] of the unpolymerized SFH was 6.6 
+ 0.2 g/dL and the Pso was 18.3 + 2.4 torr. 


Results 


All animals receiving Poly SFH-P survived the total- 
exchange transfusion, as did the previous animals receiv- 
ing SFH. The final hematocrit was 0.8 + 0.4% (mean 
+ SE). Figures 1 and 2 show the whole-blood and plasma 
[Hb] values during the exhange. At the end of the ex- 
change, the group receiving poly SFH-P had significantly 
higher (p < 0.001) whole-blood and plasma [Hb] values 
than did the SFH group. The final plasma [Hb] at Hct 
less than 2% for this group is 9.7 + 0.4 g/dL. Figure 3 
shows total oxygen delivery, which fell (p < 0.01) in both 
groups. There were no differences between groups during 
the study. 

Figures 4 to 7 show the MAP, HR, VO,, and cardiac 
index during the study. The animals receiving Poly SFH- 
P showed no change from their baseline values in any of 


cc/min—kg 
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Fic. 6. Total O, consumption versus hematocrit. Data presented as mean 
+ SEM. 
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FIG. 7. Cardiac index versus hematocrit. Data presented as mean + SEM. 


these variables throughout the exchange. In contrast an- 
imals receiving SFH showed a significant decrease at Hct 
less than 2% from baseline values in MAP (p < 0.025), 
VO, (p < 0.025), and cardiac index (p < 0.05), and a 
significant rise in HR (p < 0.05). 

The mixed venous PO, (PVO) data are shown in Figure 
8, and the oxygen extraction ratio is shown in Figure 9. 
There was a significant decrease in PVO, and rise in ex- 
traction ratio (p < 0.025) at the end of the exchange in 
both groups. Both were better maintained in the Poly 
SFH-P group, although the differences were not signifi- 
cant. Finally there were no significant changes in arterial 
pH, pCO;,, or base excess between the start and end of 
the exchange transfusion. 


Discussion 


The data in this study describe the ability of polymer- 
ized pyridoxylated hemoglobin solution to support he- 
modynamics and oxygen transport in a primate model. 
The stimulus to prepare the current Poly SFH-P was a 
desire to obtain a product with a normal [Hb], Ps , and 
COP.** Initial reports with SFH were with the stripped 
or unmodified tetrameric form of the hemoglobin mol- 
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FIG. 8. Mixed venous PO, versus hematocrit. Data presented as mean 
+ SEM. 


Vol. 211 * No. 4 


EXTRACTION RATIO 







% 





me a 
32 POLY SFH-P 


16 


BL 20 10 5 <2 
HEMATOCRIT % 


FIG. 9. O, Extraction ratio versus hematocrit. Data presented as mean 
+ SEM. 


ecule (Table 1).!° The product has a [Hb] of 6 to 8 g/dL 
and a Psp of 12 to 14 torr. This low [Hb] is required to 
maintain an iso-oncotic solution. The low Psp is due to 
the loss of 2,3-DPG from the solution. The plasma half- 
life (Ty,) of this product is only 2 to 4 hours. Despite these 
limitations, this unmodified SFH will support life in ba- 
boons at zero hematocrit, documenting effective oxyxgen 
transport in the absence of red cells.' However a significant 
decrease in oxygen consumption, mean arterial pressure, 
and cardiac output, and an increase in HR occur at zero 
hematocrit.” It is possible that these changes reflect the 
final plasma [Hb] of only 4 g/dL, which is due to the low 
[Hb] and short Ty, of the infused SFH. 

Poly SFH-P represents an improvement over previous 
red cell substitutes. Poly SFH-P has a normal oxygen- 
carrying capacity and an improved intravascular persis- 
tence.*>* After a 900-mL partial exchange, the plasma 
half-life (Ty,) of the SFH was 5.9 + 0.7 hours. In contrast, 
the Ty, of the poly SFH-P was 46.2 + 4.3 hours.* The 
process begins with the preparation of SFH.' The next 
step is to use pyridoxyl phosphate to increase the Pso of 
the unmodified tetramer from 12 to 14 torr to 20 to 24 
torr.’ This pyridoxylated SFH (SFH-P) is then prepared 
with a [Hb] equal to 14 g/dL. Polymerization of this hy- 
peroncotic product reduces the total number of molecules 
and increases the average molecular weight. There is no 
loss of hemoglobin mass. Because the COP is proportional 
to the number of particles in solution, the COP is lowered 
to an iso-oncotic range, as the polymerization proceeds. 
Poly SFH-P is therefore the first product to achieve the 


TABLE 1. Properties of SFH 


Characteristic Range of Values 


[Hb] 6-8 g/dL 
Ps 12-14 torr 
COP 20-25 torr 
Tip 2-4 hours 


POLYHEMOGLOBIN AS AN O, CARRIER 
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TABLE 2. Properties of Poly SFH-P 


Characteristic Range of Values 


[Hb] 12-14 g/dL 
Ps 16-20 torr 
COP 20-25 torr 
Tip 40-48 hours 


goal of both a normal [Hb] and COP. The Psp of this 
product is 16 to 20 torr. Concurrently there is a significant 
increase in the Ty, to 40 to 48 hours due to the larger size 
of the hemoglobin molecules (Table 2). 

The principal requirements of any oxygen carrier are 
effective oxygen loading (delivery) and unloading (con- 
sumption), and support of hemodynamics. Many reports 
have raised concerns about the ability of a low Pso he- 
moglobin solution to effectively unload oxygen in the 
clinical setting in the presence of red cells with their higher 
Ps of 26 torr.>!®>!! Although the Psy of Poly SFH-P is 16 
to 20 torr, this value is still considerably lower than the 
normal red cell Pso of 26 torr. We have addressed this 
specific issue in a previous study. Using quantitative as- 
sessments, we have shown that Poly SFH-P significantly 
contributes to both total oxygen delivery and consumption 
in the presence of red cells in a clinically relevant range 
of hematocrits.'? Poly SFH-P is thus an effective oxygen 
carrier and, in comparison with SFH, makes greater con- 
tributions to both oxygen loading and unloading. 

The objective of this study was to describe the ability 
of Poly SFH-P to support hemodynamics and oxygen 
transport in the absence of circulating red cells. The an- 
imals acutely survive exchange transfusion with Poly SFH- 
P to hematocrits less than 2%. This survival at an otherwise 
lethal hematocrit level documents effective oxygen trans- 
port by Poly SFH-P in the virtual absence of red cells. In 
addition the data illustrates that at zero hematocrit, Poly 
SFH-P results in a final plasma hemoglobin concentration 
of nearly 10 g/dL. We consider this an important result. 
In the absence of red cells, animals can maintain a nearly 
normal circulating hemoglobin concentration with the 
infused Poly SFH-P. At zero hematocrit, the values for 
VO>, MAP, HR, and CI remain at baseline values. There 
is no physiologic difference in any of these variables be- 
tween the animals at baseline hematocrit and zero plasma 
hemoglobin, or a hematocrit of zero and a plasma he- 
moglobin of 10 g/dL. The modest decrease in total oxygen 
delivery between baseline hematocrit and a hematocrit of 
20% is due to the decrease in the level of whole blood 
[Hb]. This is most likely secondary to the fluid equilibra- 
tion that occurs as part of the exchange transfusion. From 
a hematocrit of 20 to the end of the exchange, the whole- 
blood hemoglobin and total oxygen delivery do not de- 
crease. As seen in Figure 6, this results in the ability to 
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maintain oxygen consumption at baseline values 
throughout the entire study. Consistent with this was the 
maintenance of baseline pH and base excess throughout 
the exchange. 

Figures 8 and 9 show that PVO, and oxygen extraction 
ratio show some changes from baseline during the course 
of the study. PVO, and extraction ratio are both influenced 
by many variables, including cardiac output, VO>, [Hb], 
PVO>, and Ps .* Because there is a modest decrease in Ps, 
and [Hb] from baseline during the course of the exchange 
transfusion, we believe that they represent the basis of the 
changes that are seen in PVO; and extraction ratio. How- 
ever both parameters are better maintained with Poly 
SFH-P than with the tetrameric SFH. 

This study verifies that Poly SFH-P permits animals to 
survive total-exchange transfusion. Poly SFH-P achieves 
a nearly normal total [Hb], and maintains normal he- 
modynamics and oxygen consumption throughout a total- 
exchange transfusion. Because the Ty, is increased to 40 
to 48 hours, our hypothesis that Poly SFH-P would sup- 
port animals more effectively at zero hematocrit appears 
to be confirmed. Poly SFH-P is an effective oxygen carrier 
both in the presence and absence of red cells. We believe 
that with these improvements and these results, that Poly 
SFH-P is an improved oxygen carrier and offers greater 
potential than previous products as a clinically useful red 
cell substitute. 


GOULD AND OTHERS 


Ann. Surg. * April 1990 
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Treating pre and post operative patients poses a unique set of 
challenges. Yet in one way it’s no different than any other 
practice issue. 

Doing it well takes the right information. 

That’s why SCIENTIFIC AMERICAN Medicine is pleased to 
__ announce the publication of CARE of the SURGICAL PATIENT. 


The definitive resource on pre and post- 
operative care. 


CARE of the SURGICAL PATIENT gives you ready access to the 
most authoritative and current information on pre and post- 
operative standards available anywhere. 

Written and designed by prominent surgeons under the 
supervision of the American College of Surgeons’ Committee on 
Pre and Postoperative Care, CARE of the SURGICAL PATIENT 
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You'll find it the most valuable resource on pre and post- 
operative care that’s ever been published. And if you’re not 
satisfied, just return it. No risk. No obligation. 


CARE of the SURGICAL PATIENT, from SCIENTIFIC AMERICAN 
Medicine. No other resource helps you keep up better. 
And the better you keep up, the better your care. 


Diagnose and Management of Nosocomial Pneumonia 


provides two volumes — over 1,500 pages — of practical 
information on both critical and elective care. 

And, CARE of the SURGICAL PATIENT is updated twice a year, 
with each surgeon-author reviewing his own specialty. Updates 
include new information on significant topics, such as current 
developments on AIDS. 

In short, CARE of the SURGICAL PATIENT presents the 
standards for pre and postoperative treatment. You simply won’t 
find a more important resource. Or one that organizes its 
information in such an intelligent way. 


A unique system for rapid information 
retrieval. 


CARE of the SURGICAL PATIENT is designed to get you the 
information you need, the way you need it. 

Quickly. And intelligently. 

The key is the system’s three-part format. Chapters begin with 
a full page algorithm — the relevant facts at a moment’s glance. 
Next, there’s a detailed explanation of each element laid out in 
the treatment pathway. The third section covers etiology, 
pathobiology, and relevant clinical advances, as well as current 
references. 

You choose the level of detail you need at the moment. 
Without having to wade through everything else. And unlike 
most texts, CARE of the SURGICAL PATIENT covers topics in 
order of urgency, instead of by organ system. Which means you 
have access to information as it relates to the real world 
treatment of the patient. 
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CASE # 24 AGE: 55 SEX: FEMALE 

DIAGNOSIS: CECAL CARCINOMA 

SYMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 





The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
contrast (i.e.: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 mli/hr of Vivonex TEN (Norwich Eaton 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then 
tolerated a general diet. She was the 4th patient discharged 
uneventfully 24 hours after bowel resection and reanastomosis. 


B. Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 





A. Study @ 5 minutes (5 hours postop). 
Note efficient removal of all excess barium, 
with none reaching the stomach. 





C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 
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Bacterial Translocation and Intestinal Atrophy After 
Thermal Injury and Burn Wound Sepsis 





WILLIAM G. JONES II, M.D., JOSEPH P. MINEI, M.D., ANNABEL E. BARBER, M.D., JOSEPH L. RAYBURN, M.D., 
THOMAS J. FAHEY Ill, M.D., G. TOM SHIRES III, M.D., and G. TOM SHIRES, M.D. 





Bacterial translocation (BT) occurs after thermal injury in rodents 
in association with intestinal barrier loss. Infection complicating 
thermal injury may also affect the intestine producing bowel 
atrophy. To study these relationships, Wistar rats received either 
30% scald followed by wound inoculation with Pseudomonas; 
30% scald with pair feeding to infected animals; or sham injury 
as controls. On days 1, 4, and 7 after injury animals were killed 
with examination of the bowel and culture of the mesenteric 
lymph nodes (MLN), livers, spleens, and blood. All burned an- 
imals demonstrated BT to the MLN on day 1 after injury, but 
only burn-infected animals had continued BT on days 4 and 7, 
with progression of BT to the abdominal organs and blood. Burn 
injury and infection also resulted in significant atrophy of small 
bowel mucosa temporally associated with continued BT. Thus 
injury complicated by infection results in prolonged and enhanced 
bacterial translocation, perhaps due to failure to maintain the 
mucosal barrier. 


HE COMPLICATIONS OF INFECTION and sepsis add 

significantly to morbidity and mortality after 

thermal injury. "° Despite the introduction of ef- 
fective topical antibiotic therapy more than two decades 
ago, the burn wound itself remains a source for infections 
suffered by the burned patient.? In addition it has been 
demonstrated that infection of the burn wound may have 
consequences on the host that are far removed from the 
site of the infection, including the induction of production 
of messenger RNA for cytokines such as tumor necrosis 
factor-alpha.* 

Recently it has been shown that thermal injury, both 
alone and in combination with other stresses such as en- 
dotoxin challenge,*® results in bacterial translocation. 
which has been defined by Deitch and Berg as the passage 
of viable bacteria from the intact gastrointestinal tract to 
the mesenteric lymph nodes and beyond. Bacterial trans- 
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location has been postulated to play a role in the devel- 
opment of immunologic alterations’ and ultimately mul- 
tiple organ failure, which may complicate severe thermal 
injury. However the additional effect that a source of in- 
fection distant from the gastrointestinal tract, such as burn 
wound sepsis, might have on bacterial translocation after 
an otherwise nonlethal burn has not yet been defined. 
The current study was performed to determine the rela- 
tionship between distant infection and translocation of 
enteric bacteria in an animal model of thermal injury. 


Methods 


Male Wistar rats (301 + 8 g) were divided into three 
groups: (1) 30% scald burn followed by immediate inoc- 
ulation of the burn wound with 1 X 10° colony-forming 
units of Pseudomonas aeruginosa (Burn-infected; n = 15); 
(2) 30% scald burn pair-fed to burn-infected animals 
(Burn-Pair Fed; n = 12); and (3) sham-burned freely fed 
controls (Control; n = 12). Animals were housed in in- 
dividual cages in a cohorted temperature-controlled‘room 
with alternating 12-hour light-dark cycles, and acclimated 
for a minimum of 4 days before the study. All but pair- 
fed animals were allowed free access to water and standard 
laboratory chow. All animal work was conducted in com- 
pliance with the Guiding Principles of Laboratory Animal 
Care and was approved in advance of study by the Insti- 
tutional Animal Care and Use Committee of Cornell 
University Medical Center, New York, New York. 

Experimental burn injury was performed according to 
the method of Mason and Walker.’ Briefly, animals were 
anesthetized with intraperitoneal sodium pentobarbital 
(35 mg/kg). Shaved dorsal surfaces were then exposed to 
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95 C water for 10 seconds through a plastic template de- 
signed to produce a 30% body surface area full-thickness 
burn. Animals were then allowed to fully recover from 
anesthesia before being returned to their cages. Sham- 
burned controls underwent identical procedures with im- 
mersion in 21 C water. 

On days 1, 4, and 7 after injury animals were killed by 
anesthetic overdose. Each animal was then immediately 
placed on a sterile field and its ventral surface cleansed 
with 70% isopropyl alcohol. Using sterile instruments the 
skin was opened and the peritoneum also cleansed with 
alcohol. The peritoneal cavity was then entered and 0.5 
mL caval blood, mesenteric lymph nodes, and sections 
of liver and spleen were collected using sterile technique 
with each specimen placed in 5 mL of brain-heart infusion 
(BHI) broth. Full-thickness burn wound biopsies (1 cm’) 
were also collected for culture and placed in 5 mL BHI 
broth. All tissue specimens were weighed and homoge- 
nized in BHI broth with sterilized teflon-coated grinding 
rods (Cat. No. 08-414-14D, Fisher Scientific, Pittsburgh, 
PA). Cecal contents were collected with 0.5 mL placed in 
9.5 mL BHI broth and serial dilutions performed in sterile 
saline. In addition 200-uL aliquots from each broth cul- 
ture were plated on sheep blood and MacConkeys agar 
plates. All cultures were incubated at 37 C and examined 
at 24 and 48 hours for growth. Identification of bacterial 
species was performed using standard microbiologic 
methods. 


Weight Change (grams) 


1 4 


Post-Burn Day 
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Small bowel from the ligament of Trietz to cecum was 
excised and any remaining mesentery was carefully dis- 
sected away. Bowel contents were removed by gentle saline 
irrigation, and total small bowel weight was measured. 
Portions of intact bowel were examined by light micros- 
copy to determine mucosal thickness. The mucosal layer 
of measured segments of bowel was then separated ac- 
cording to the method of Carter et al.'° by careful scraping 
of the opened bowel with a glass slide across a cold por- 
celain plate, collected, and then weighed. Portions of burn 
wound biopsies were also examined for microscopic ev- 
idence of invasive Pseudomonas infections. 

All data is reported as mean + standard error of the 
mean (SEM). Where indicated, comparisons between 
controls and study groups were performed by Chi square 
analysis with Yates correlation for qualitative culture re- 
sults, two-way analysis of variance with Scheffe post-hoc 
testing for weight data, and one-way analysis of variance 
with Newman-Keuls multiple-range testing for quanti- 
tative cultures and morphometry.'' 


Results 


Figure | depicts body weight changes in the three groups 
during the study period. Control animals gained weight 
at a nearly constant rate, (4.7 + 0.6 g/day). In contrast 
burn-infected animals exhibited marked and sustained 
cachexia, (—7.3 + 0.9 g/day), greater than that attributable 


==@= Control 
mugen  Burn-Pair Fed 


emg Burn-Infected 


FiG. 1. Daily weight change 
by groups over time. All data 
points are significantly dif- 
ferent (p < 0.01) from each 
other at all time points except 
day 0. 
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TABLE 1. Bacterial Translocation of Enteric Organisms 
After Thermal Injury and Infection 


Day MLN Liver Spleen Blood 

Day | 

Control 1/12 0/12 0/12 0/12 

Burn-infected 10/12* 0/12 0/12 0/12 

Burn-pair fed 9/12* 0/12 0/12 0/12 
Day 4 

Control 0/12 0/12 0/12 0/12 

Burn-infected 11/11} 10/114 L1/11t 0/11 

Burn-pair fed 1/12 1/12 1/12 0/12 
Day 7 

Control 0/12 0/12 0/12 0/12 

Burn-infected 12/12ł 10/12t 10/12T 5/12¢ 

Burn-pair fed 1/9 0/9 0/9 0/9 


Data = positive cultures/n; translocating organisms included E. coli, 
P. Mirabilis, and K. pneumoniae; *p < 0.01 vs. Control; tp < 0.01 vs. 
all groups; tp < 0.05 vs. all groups. 


to the combination of injury and anorexia without infec- 
tion as demonstrated by the burn-pair fed group, (—0.9 
+ 0.7 g/day). 

Results of cultures of the mesenteric lymph nodes, liver, 
spleen, and blood are shown in Table 1 for the various 
groups and time points after injury. Positive cultures in- 
cluded all those with growth of organisms other than 
Pseudomonas, that is cultures growing only Pseudomonas 
were excluded from this table. Lymph nodes, organs, and 
blood of control animals remained sterile at essentially 
all time points, while burn injury resulted in significant 
(p < 0.01) bacterial translocation of enteric organisms to 
the mesenteric lymph nodes. After burn injury alone, the 
abdominal organs and blood remained essentially free of 
translocating organisms, and by day 4 after injury enteric 
bacterial translocation was no longer evident in the mes- 
enteric lymph nodes. Burn-infected animals, however, 
failed to clear the initial translocation after thermal injury 
and had evidence of continued bacterial translocation, 
not only to the mesenteric lymph nodes but also to the 
liver and spleen as well. All burn-infected animals had 
abdominal organ cultures positive for nonpseudomonas 
growth by day 4, (p < 0.01 vs. all groups). By day 7, 42% 
of burn-infected animals had enteric organisms other than 
Pseudomonas cultured from their blood (p < 0.05 vs. all 


TABLE 2. Quantitative Mesenteric Lymph Node Cultures 


Group 
Burn-pair fed, day | 182.1 + 59.7 
Burn-infected, day | 291.7 + 133.0 


1462.5 + 302.3* 
835.0 + 307.87 


Burn-infected, day 4 
Burn-infected, day 7 


Data = mean + SEM colony-forming units/g tissue; *p < 0.01 vs. burn- 
pair fed, day | and burn infected, day 1; tp < 0.05 vs. burn-pair fed, day 
| and burn infected, day 1, and p = NS vs. burn infected, day 4. 
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TABLE 3. Quantitative Cecal Cultures 


Group Day | Day 4 Day 7 
Control 39 + 31 35 £ 32 12+ 10 
Burn-infected 15,000 + 4000* 7000 + 4600 950 + 750 
Burn-pair fed 1100 + 700 7 + 0.7 14+5 


Data = mean + SEM colony-forming units gram-negative facultative 
anaerobes X 104 per cc cecal contents; *p < 0.05 vs. all groups. 


groups). Translocating organisms were predominately Æ. 
coli with few Proteus and Klebsiella species also identified. 
Pseudomonas aeruginosa was also present in 58% of all 
blood specimens from burn-infected animals by day 7, as 
well as 42% of livers and 17% of spleens. No Pseudomonas 
were identified in the mesenteric lymph nodes, organs, or 
blood on day 4, and no Pseudomonas were present in 
mesenteric lymph nodes on day 7. 

Quantitative results of positive mesenteric lymph node 
cultures are listed in Table 2. There were no quantitative 
differences in translocating organisms between burn-pair 
fed and burn-infected groups on day | after injury. How- 
ever by days 4 and 7, when burn-pair fed mesenteric 
lymph node cultures were again sterile, burn-infected an- 
imals had significantly enhanced bacterial translocation 
with approximately four times greater numbers of enteric 
colony-forming units/gram of tissue than animals of either 
group on day 1. 

Quantitative cultures of the cecal contents of all ani- 
mals, as well as wound biopsies of burned animals are 
shown in Tables 3 and 4. Burn-infected animals dem- 
onstrated significantly increased cecal stool counts of en- 
teric facultative gram-negative anaerobes (p < 0.05) on 
day | compared to all groups. On days 4 and 7 after injury, 
burn-infected animals continued to have higher colony 
counts/cc stool, although these were no longer statistically 
significant compared to the other groups. 

As expected, burn-infected animals had consistently 
higher quantitative burn wound colony counts than burn- 
pair fed animals. By day 4, burn-infected animals had 
markedly increased numbers of Pseudomonas organisms 
present in the burn wound. These high counts persisted 
throughout the study period and were consistent with 
bacterial counts necessary to produce invasive burn 
wound sepsis. Wounds from burn-pair fed animals grew 


TABLE 4. Quantitative Burn Wound Cultures 


Group Day | Day 4 Day 7 
Burn-infected 1.0+.5x10’* 4.3+.7X10°¢ 3.2+.7x10°* 
Burn-pair fed 3.7 + 1.8 X 10? 2.7+.9 x 10? 2.5 L 


Data = mean + SEM colony-forming units/cm? tissue; *p < 0.05 vs. 
burn-pair fed; tp < 0.01 vs. Burn-pair fed. 
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relatively modest numbers of predominately gram-posi- 
tive species at all three time points, while the presence of 
such large numbers of Pseudomonas in the wounds of 
burn-infected animals apparently inhibited the growth of 
any other species. A gram-stained histologic section of a 
burn wound biopsy from a burn-infected animal on day 
7 is shown in Figure 2, demonstrating the presence of 
organisms in the dermal and subdermal tissues and sur- 
rounding a blood vessel, consistent with invasive wound 
sepsis. 

Burn injury and bacterial translocation are associated 
with loss of small bowel mass, as shown in Table 5. Al- 
though loss of full-thickness small bowel mass was equiv- 
alent between all burned animals, the burn-infected group 
demonstrated a greater loss of mucosa, temporally asso- 
ciated with the finding of enhanced translocation. Fur- 
thermore these animals failed to show evidence of recovery 
of the mucosa by day 7, in contrast to burn-pair fed ani- 
mals, suggesting that this persistent defect is related to 
continuing infection rather than injury and anorexia. 

Confirming this observation of diminished mucosal 
mass by weight, mucosal thicknesses as determined 
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by morphometric measurements of hematoxylin-eosin 
stained sections of distal small bowel are listed in Table 
6. Again all burned animals demonstrated a significant 
(p < 0.01) loss of mucosa compared to controls on post- 
burn day 1. By day 7, burn-pair fed animals displayed 
marked regeneration of their mucosa while burn-infected 
animals sustained further significant mucosal atrophy, (p 
< 0.01 vs. all groups). Histology further revealed shortened 
and blunted villae in the distal intestine of burn-infected 
animals, but no evidence of ulcerations or breaks in the 
mucosa were identified (Fig. 3). 


Discussion 


The translocation of enteric bacteria from the intact 
gastrointestinal tract into the mesenteric lymphatic tissue 
has been observed after a variety of stresses in mice, rats, 
and sheep, including hemorrhagic shock,'* thermal in- 
jury,!*'4 abdominal radiation,’ and endotoxin chal- 


lenge.'® In a series of reports Deitch and Berg have stated 
that bacterial translocation may occur with alterations of 
host defense, overgrowth of the intestinal flora, or loss of 
the mucosal barrier. 


5,6,8,13,16 





FIG. 2. Histologic cross section of a burn wound from a burn-infected animal on day 7 (gram-stain, X40), demonstrating Pseudomonas organisms 


deep within the dermal tissues and surrounding a dermal blood vessel. 
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TABLE 5. Small Bowel Mass 
Group Intact Small Bowel Mucosa 
Day | 
Control 2.20 + 0.08 1.39 + 0.02 
Burn-infected 1.84 + 0.06* 0.97 + 0.03* 
Burn-pair fed 1.67 + 0.02* 0.91 + 0.02* 
Day 4 
Control 2.08 + 0.03 1.19 + 0.07 
Burn-infected 1.80 + 0.07* 0.74 + 0.04* 
Burn-pair fed 1.66 + 0.02* 0.84 + 0.06* 
Day 7 
Control 2.04 + 0.06 1.30 + 0.10 
Burn-infected 1:65 QUS 0.72 + 0.03+ 
Burn-pair fed 1.56 + 0.15* 0.94 + 0.04* 


Data = mean + SEM g/100 g body weight; *p < 0.05 vs. control; tp 
< 0.05 vs. control and burn-pair fed. 


In 10 of 23 rats after 40% uncomplicated scald injury, 
Maejima’? observed that bacterial translocation occurred 
to the mesenteric lymph nodes by day 2 after burn, but 
the blood and peritoneum remained sterile. However the 
combination of either endotoxin challenge® or E. coli 
monoassociation® with thermal injury produced increased 
translocation, including the finding of organisms in the 
liver, spleen, and blood. Thus it is clear that independent 
stresses can have additional effects on bacterial translo- 
cation. 

In the present study a standard model of Pseudomonas 
burn wound sepsis in the ratt!” was used to study the 
effects of ongoing infection after thermal injury on bac- 
terial translocation. The presence of a source of infection 
distant from the gastrointestinal tract after thermal injury 
was associated with prolonged translocation to the mes- 
enteric lymphatics. The systemic or local abnormalities 
that resulted in early bacterial translocation after uncom- 
plicated thermal injury normalized by day 4 without sub- 
sequent translocation in these animals. However infection 
complicating thermal injury resulted in continued trans- 
location to the gastrointestinal lymphatics, greater num- 
bers of organisms present within the mesenteric lymph 
nodes, and the progression of translocating organisms to 
the liver, spleen, and ultimately into the bloodstream. 

It is to be emphasized that the mesenteric lymph node 
and abdominal organ culture results as reported in Table 
1 reflect the growth of non-Pseudomonas enteric organ- 
isms. Although Pseudomonas was present in a portion of 
the liver, spleen, and blood cultures of burn-infected an- 
imals by day 7, no Pseudomonas organisms were noted 
in the mesenteric lymph nodes on day 7 and none were 
cultured from any source other than the burn wound on 
day 4. Furthermore the presence of large numbers of 
Pseudomonas organisms in the burn wound apparently 
inhibited the growth of other species such as other gram- 
negative enteric organisms, so that culture of the burn 
wounds in burn-infected animals yielded exclusively 


Pseudomonas aeruginosa on days 4 and 7. Thus enteric 
bacteria in the mesenteric lymph nodes and abdominal 
organs are not the direct result of invasion of these or- 
ganisms from the burn wound, but rather the indirect 
result of invasive burn wound sepsis on the host and the 
gastrointestinal tract resulting in bacterial translocation. 

The exact pathophysiology resulting in this finding of 
prolonged and enhanced bacterial translocation after 
thermal injury and infection is difficult to determine. Burn 
injury alone results in multiple alterations in the host, 
including hypermetabolism and counter-regulatory hor- 
mone changes, '* alterations in neutrophil function,'? and 
lymphocyte subpopulations,”’ as well as impaired immune 
responses.”' The addition of infection after thermal injury 
produces marked cachexia, with peripheral protein 
wasting’ but preservation of hepatic mass.” The further 
metabolic and immunologic alterations associated with 
infection undoubtedly play a role in the continued bac- 
terial translocation observed in the burn-infected animals. 
Because burn-pair fed animals did not demonstrate evi- 
dence of bacterial translocation by day 4 after injury, it 
appears that the continued bacterial translocation in burn- 
infected animals is not related to anorexia alone. 

Burn injury with infection is also associated with in- 
creased hepatic messenger RNA for TNF (tumor necrosis 
factor-alpha/cachectin) not seen with burn injury alone, 
leading Marano et al.* to conclude that microbial invasion 
was necessary for the induction of TNF mRNA. It is un- 
clear, however, whether it is organisms from the burn 
wound or from enteric bacterial translocation or both that 
induce increased hepatic mRNA for TNF. The presence 
of bacterial translocation would indeed appear to have an 
impact on hepatic immunologic function because trans- 
location associated with intestinal overgrowth has been 
demonstrated to alter the in vitro response of hepatic 
Kuppfer cells to endotoxin.’ 

In addition to alterations in host defenses, bacterial 
translocation can result from enteric bacterial over- 
growth.”* Quantitative cultures of the cecal contents of 
the animals in this study failed to support intestinal bac- 
terial overgrowth as the mechanism for prolonged bac- 


TABLE 6. Ileal Mucosal Thickness 


Group Mucosal Thickness 
Control S75" 10 
Day | 
Burn-infected 504 + 12* 
Burn-pair fed 514 + 6* 
Day 7 
Burn-infected 357 + 28ł 
Burn-pair fed 570 + 19 


Data = mean + SEM thickness in microns; *p < 0.01 vs. control; tp 
< 0.01 vs. control and burn-pair fed. 


404 JONES AND OTHERS 





terial translocation after burn and infection, as significant 
differences in cecal colony counts were noted only on the 
first day after injury and at no other time. 

Loss of an effective intestinal barrier may also result in 
bacterial translocation. Morehouse and associates have 
demonstrated that oral feeding of ricinoleic acid resulted 
in bacterial translocation in up to 40% of animals begin- 
ning within 6 hours after treatment and was associated 
with microscopic mucosal damage.** Total parenteral 
nutrition for 2 weeks resulted in spontaneous bacterial 
translocation in 67% of rats studied by Alvredy et al.,”° 
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FiG. 3. Histologic cross sec- 
tion of ileum from a burn- 
infected animal on day 7 
(hemotoxylin and eosin stain, 
x40) demonstrating short- 
ened, blunted villae and mu- 
cosal atrophy. 


perhaps related to bowel atrophy from disuse. In addition, 
treatment with bombesin, a trophic gastrointestinal hor- 
mone that stimulates mucosal growth, diminished mu- 
cosal atrophy after thermal injury in rats and resulted in 
deceased bacterial translocation.*° Thus it would appear 
that intestinal mucosal damage or atrophy may be asso- 
ciated with bacterial translocation. 

Previously we have shown that thermal injury with 
subsequent burn wound infection in rats results in marked 
loss of intestinal mass, particularly in the small bowel, 
compared to animals with uncomplicated burns.” Al- 
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though all burned animals in our earlier work suffered 
initial decreases in small bowel weight, by day 7 after 
injury animals with uninfected burns given free access to 
food demonstrated recovery of some intestinal mass while 
burn-infected animals displayed continued atrophy. In 
the current study, loss of small bowel mass in the burn- 
infected group was equivalent to that produced by the 
combination of burn injury with pair-feeding to the an- 
orectic infected animals, and thus does not explain the 
prolonged bacterial translocation associated with infec- 
tion. However further examination of the changes in the 
small bowel mucosa after uncomplicated thermal injury, 
both by weight and by thickness on histologic section, 
demonstrates a significant loss of mucosa seen by day | 
after injury with return to nearly normal levels by day 7. 
In the presence of infection, however, there is failure of 
the mucosal mass to recover even by day 7, resulting in 
prolonged atrophy. 

Although there is strong evidence that intestinal mu- 
cosal barrier damage and bacterial translocation early after 
thermal injury may be the result of postinjury intestinal 
ischemia,'*® we have previously shown that splanchnic 
blood flow was not significantly altered in a burn and 
infected rat model on days 3 and 7 after injury.” This 
implies that the chronic intestinal mucosal damage as- 
sociated with a distant infection is mediated by other, 
perhaps hormonal or cytokine-related mechanisms. 

Continuing intestinal atrophy in burn-infected animals 
is temporally associated with prolonged bacterial trans- 
location. Thus it would appear that the failure of these 
animals to restore their mucosal barrier may result in 
continued bacterial translocation. It remains unclear 
whether the alterations in host metabolic and immuno- 
logic responses associated with distant infection after in- 
jury result in intestinal atrophy, mucosal barrier dys- 
function, and bacterial translocation, or whether it is in- 
testinal atrophy resulting in bacterial translocation that 
leads to metabolic and immunologic alterations. Further 
study is needed to better understand the pathophysiology 
involved in this phenomenon. 
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The Cause of Dysphagia in Uncomplicated 
Sliding Hiatal Hernia and its Relief 


by Hiatal Herniorrhaphy 


A Roentgenographic, Manometric, and Clinical Study 





BRIJ K. KAUL, M.D., TOM R. DEMEESTER, M.D., MASAAKI OKA, M.D., CHRIS S. BALL, F.R.C.S., 
HUBERT J. STEIN, M.D., CHOONG B. KIM, M.D., and SHIH-CHUAN CHENG, PH.D. 


Patients with an uncomplicated sliding hiatal hernia frequently 
experience dysphagia. The present study shows, using video 
barium contrast esophagograms, that the cause of dysphagia in 
60% of these patients is an obstruction to the passage of the 
swallowed bolus by diaphragmatic impingement on the herniated 
stomach. Manometrically this was reflected by a double-hump 
high pressure zone (HPZ) at the gastroesophageal junction, and 
specifically to the length and amplitude of the distal HPZ and 
the length of the intervening segment between the two HPZs. 
The former represents the degree of the diaphragmatic impinge- 
ment on the herniated stomach and the latter the size of the 
supradiaphragmatic herniated stomach. Surgical reduction of the 
hernia resulted in relief of dysphagia in 91% of the patients. 


T IS NOT UNCOMMON for patients with a sliding hiatal 

hernia (HH) to complain of dysphagia. The presence 

of a Schatzki’s ring, edematous esophagitis, stricture, 
or an associated manometric abnormality of the esoph- 
ageal body usually explains the cause of dysphagia in most 
of these patients.'* However there remains a group of 
patients with uncomplicated HH who have dysphagia 
without any obvious endoscopic or manometric expla- 
nation. The present study was done to elucidate the cause 
of dysphagia in these patients. 


Patients and Methods 


Fifty-one patients had a simple HH proved by roent- 
genographic barium contrast study alone (19), by endos- 
copy alone (20), or by both (12). Twenty-eight had dys- 
phagia, while 23 did not have this complaint. None of the 
patients had esophagitis, esophageal stricture, Schatzki’s 
ring, or motility disorders of the esophagus. 

The following tests were performed on each patient. 
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Esophageal Manometry 


This was performed using a single catheter assembly 
consisting of five fluid-filled, perfused polyvinyl tubes 
bonded together with five 0.8-mm lateral openings placed 
5 cm apart. The station pull-through method was used, 
and in addition to studying the upper esophageal sphincter 
and the esophageal body characteristics, the lower esoph- 
ageal sphincter (LES) was studied in detail with regard to 
its basal pressure, overall length, and abdominal length. 
Specific attention was given to identify a separate distal 
high pressure zone (HPZ) and an intervening low pressure 
segment that was not the result of prolonged relaxation 
after a swallow. A mechanically defective sphincter was 
identified by one or more of the following: an average 
LES pressure less than the 2.5th percentile of normal sub- 
jects (< 6 mm Hg), an average overall length of less than 
2 cm, and an average abdominal length of less than 1 cm.° 


24-Hour Ambulatory Esophageal pH Monitoring 


This test was carried out using a glass electrode (Ingold 
440-4M: Ingold Eletro, Wilmington, MA) and a portable 


TABLE 1. Uncomplicated Sliding Hiatal Hernia: Demographic Data 


Study 
Population Dysphagia No Dysphagia 
N 28 23 
Age 
Range 24-75 26-67 
Mean 52 49 
Sex 
Male 17 12 
Female 11 11 
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TABLE 2. Simple Sliding Hiatal Hernia: Various Parameters Studied 


Dysphagia No Dysphagia 
Parameter = 28 (%) n = 23 (%) 
Heartburn 26 (93) 20 (87) 
Regurgitation 22 (78) 18 (78) 
GER 15 (54) 12 (52) 
On 24-hour ambulatory 
pH monitoring 
Defective LES 17 (61) 10 (43) 
Pressure < 6 mmHg 6 (21) 7 (30) 
Overall length < 2 cm 3 (11) 1 (4) 
Abdominal length < 1 cm 8 (29) 2 (9) 
Double-hump phenomenon 9 (32) 7 (30) 


solid state monitor that sampled and stored esophageal 
pH at 4- or 6-second intervals. The pH probe was passed 
transnasally and positioned 5 cm above the upper border 
of the LES measured at manometry. At the end of the 
test the stored data were transferred to an IBM personal 
computer (White Plains, NY) and analyzed using a com- 
mercial software program (Gastrosoft, Dallas, TX).°’ 

A reflux episode was defined as a drop in esophageal 
pH to less than 4 and was finished when the pH returned 
to 4 or more. Esophageal exposure to acid gastric juice 
was scored according to the previously published 
method.’* The following components of the pH recording 
were taken into consideration in determining the final 
composite score: (1) the percentage of time the esophageal 
pH was less than 4 during the total period of time, the 
time in the upright position, and the time in the supine 
position; (2) the total number of reflux episodes; (3) the 
number of episodes lasting 5 minutes or more; and (4) 
the duration of the longest episode. Increased esophageal 
exposure to acid was diagnosed when the composite score 
exceeded the 95th percentile score observed in 50 asymp- 
tomatic volunteers.’ 
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Fic. 2. Amplitude of the proximal HPZ in patients with and without 
dysphagia. 


Videofluoroscopic Esophagography 


Patients were evaluated roentgenographically by using 
liquid barium and barium-coated hamburger. During this 
examination, attention was paid to the flow of liquid and 
solid barium from the esophagus, across the gastroesoph- 
ageal junction, and into the stomach in the supine, prone, 
and lateral positions. No provocative efforts were made 
to induce a hiatal hernia. Rather its presence was diag- 
nosed by the spontaneous occurrence of a clearly defined 
supradiaphragmatic portion of stomach. A permanent 
video record of the exam was retained for subsequent re- 
evaluation of the dynamics of transhiatal flow.*"'° 


Esophagogastroduodenoscopy 


This investigation was carried out by using an Olympus 
GIF Q10 forward-viewing fiberoptic panendoscope 
(Lombard, IL). A hiatal hernia was diagnosed when under 
quiet respiration and without excessive air insufflation a 
distance of more than 2 cm was measured between the 
crura, identified by having the patient sniff, and the gas- 
troesophageal junction. 
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FiG. 3. Length of the proximal HPZ in patients with and without dys- 
phagia. 


Statistical Analysis 


The statistical analysis was done using the Fisher’s exact 
test, Mann-Whitney U-Wilcoxon Rank sum, and the 
Student’s t test. Probability values less than 0.05 were 
considered significant. 


Results 


The age and sex distribution of patients belonging to 
the groups with and without dysphagia were statistically 
similar (Table 1). Both the groups had a similar frequency 
of the symptoms of heartburn and regurgitation and a 
similar prevalence of increased esophageal acid exposure 
as measured on 24-hour pH monitoring. The prevalence 
of a mechanically defective LES was also similar in the 
two groups (Table 2). 


Esophageal Manometry 


Sixteen of the fifty-one patients (31%) demonstrated a 
double-hump phenomenon on motility of the gastro- 
esophageal junction. This consisted of a proximal and a 
distal HPZ with an intervening low pressure zone of vary- 
ing lengths (Fig. 1). While studying the relationship of this 
double-hump phenomenon with dysphagia, we found that 
the amplitude and length of the proximal HPZ did not 
significantly differ in the groups with and without dys- 
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FIG. 4. Amplitude of the distal HPZ in patients with and without dys- 
phagia (p < 0.06). 
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FiG. 5. Length of the distal HPZ in patients with and without dysphagia 
(p < 0.05). 


phagia (Figs. 2 and 3). However amplitude and length of 
the distal HPZ were greater in the group with dysphagia 
(Figs. 4 and 5), the former approaching significance (p 
< 0.06) and the latter reaching statistical significance (p 
< 0.05). Furthermore the total length of the double-hump 
segment was significantly greater in patients with dys- 
phagia than in those without (p < 0.03; Fig. 6). This in- 
crease in length was due to a statistically longer intervening 
low pressure zone as well as a significantly greater length 
of the distal HPZ in the group with dysphagia (Figs. 5 
and 7). 


Video Esophagogram 


Forty-six of the 51 patients had an adequate video-re- 
cording for evaluation of the dynamics of transhiatal flow 
of a liquid and solid barium bolus. In five the video record 
was technically inadequate to allow re-evaluation. A 
holdup of liquid or solid contrast at the hernial site and 
its retrograde flow were observed in 23 of the 46 patients. 
This phenomenon, which was called the hiatal flow ob- 
struction, caused a definite hindrance to the transport of 
the bolus from the supradiaphragmatic herniated stomach 
into the subdiaphragmatic stomach (Fig. 8). Hiatal flow 





Total Length (cm) of Double-Hump Zone 


Dysphagia 


No Dysphagia 


FIG. 6. The total length of the double-hump segment, comprising the 
two HPZs and the intervening low pressure zone, in the patients with 
and without dysphagia. 


Vol. 211 » No. 4 





Length (cm) of Low Pressure Zone 


No Dysphagia Dysphagia 
FIG. 7. Length of the low pressure zone in between the two HPZs and 
the intervening low pressure zone in patients with and without dysphagia. 


Fis. 8A-F. Roentgeno- 
graphic barium study show- 
ing a primary esophageal 
wave propelling liquid bar- 
ium into supradiaphragmatic 
portion of the stomach in a 
patient with a hiatal hernia 
(A and B). The diaphrag- 
matic impingement on the 
stomach and the lack of con- 
traction of the supradia- 
phragmatic stomach prevents 
passage of the bolus into the 
distal stomach (C). As a con- 
sequence, the contents in the 
supradiaphragmatic portion 
of the stomach is regurgitated 
into the thoracic esophagus 
(D, E, and F). The patient 
experiences dysphagia and 
regurgitation. On endoscopy 
no anatomic abnormality, 
other than a hiatal hernia, 
was found, and on 24-hour 
pH monitoring the patient 
had normal esophageal acid 
exposure. His symptoms of 
dysphagia and regurgitation 
were relieved by hiatal her- 
niorrhaphy. 
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obstruction was observed in a significantly greater pro- 
portion of patients with dysphagia (64%) than in those 
without (33%; p < 0.04). The frequency of hiatal flow 
obstruction was similar in patients with and without 
proved reflux (increased esophageal acid exposure; Ta- 
ble 3). 


Surgical Intervention 


Eleven of the sixteen patients with hiatal flow obstruc- 
tion, eight with and three without pathologic reflux on 
24-hour pH monitoring, had their hernias reduced by 
performing a Nissen fundoplication. They were followed 
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TABLE 3. The Frequency of the Flow Obstruction Phenomenon 
Dysphagia 


16/25 (64)* 
GER (+) GER (-) 
8/12 (67) 8/13 (61) 


* = p < 0.04. 

Figures in parentheses are percentages. 

GER + = pathologic esophageal acid exposure; GER — = nonpath- 
ologic esophageal acid exposure. 


No Dysphagia 


7/21 (33)* 
GER (+) GER (-—) 
4/11 (36) 3/10 (30) 


for a median period of 6.5 months (range, | to 34 months). 
All but one patient (91%) had complete relief from dys- 
phagia. The eight with reflux also had relief from heart- 
burn and regurgitation. 


Discussion 


Earlier reports on the manometric studies of patients 
with a hiatal hernia suggested the existence of two pressure 
elevations in the area of the gastroesophageal junction.'""' 
The cause of this observation, according to the present 
study, is the impingement of the diaphragmatic hiatus in 
the herniated stomach distally and the basal pressure of 
the LES proximally. When a bolus of food is transported 
down the esophagus and into the herniated portion of the 
stomach, the propulsion of the bolus stops due to the lack 
of effective contraction of the gastric fundus and the im- 
pingement on the body of the stomach by the diaphrag- 
matic hiatus. Furthermore the presence of a hiatal hernia 
results in a loss of the distal fixation of the esophagus, 
making it less able to carry out its propulsive function.!*'? 
The mechanical obstruction caused by the diaphragm 
impinging around the herniated stomach causes the ac- 
cumulation of food in the supradiaphragmatic herniated 
portion of the stomach, resulting in dysphagia, early sa- 
tiety, and epigastric pain. Relaxation of the LES secondary 
to proximal gastric distention or induced by a subsequent 
swallow results in retrograde flow of the ingested food and 
the sensation of regurgitation.'* 

That only 60% of patients with dysphagia demonstrated 
hiatal flow obstruction on video esophagography may be 
due to the size of the hiatus and the interaction of dia- 
phragmatic movements related to respiration and esoph- 
ageal movements related to swallowing. In some situations 
these factors work synergistically in narrowing the lumen 
of the foregut. Indeed many of our patients report being 
able to alleviate the symptoms of dysphagia by sitting up- 
right and taking slow deep breaths. This usually is followed 
by a sensation that the mechanical obstruction is relieved. 

As expected, the double-hump phenomenon in the 
present study was found in a proportion of patients with- 
out dysphagia, but the mean length of the intervening 
segment was significantly shorter than that observed in 
those with dysphagia, indicating that the amount of su- 
pradiaphragmatic stomach was small and less able to ac- 
cumulate swallowed food. The greater length of interven- 
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ing segment observed in patients with dysphagia indicated 
a larger supradiaphragmatic gastric pouch, allowing the 
accumulation and incarceration of swallowed food. 

Dysphagia in HH patients in the absence of esophagitis 
is not an uncommon occurrence. Johnston? reported that 
dysphagia was as common in HH patients without esoph- 
agitis as it was with nonstenosing esophagitis. This cor- 
responds with our observation that hiatal flow obstruction 
was independent of reflux because no difference in the 
frequency of hiatal flow obstruction was found in the 
groups with and without reflux as determined by 24-hour 
pH monitoring. This contention is further supported by 
our observation that the incidence of a mechanically de- 
fective cardia did not differ in the groups with and without 
dysphagia. 

This study illustrates that in patients complaining of 
dysphagia out of proportion to endoscopic or esophageal 
motility findings, it is helpful to try to identify a hiatal 
flow obstruction. The fact that 91% of our patients who 
underwent surgery had complete relief from their dys- 
phagia would suggest that under certain conditions pa- 
tients can develop symptoms from their HH and it is not 
essential to insist on the presence of reflux before per- 
forming surgery. 


References 


1. Ayulo JA. Hiatus hernia: a review. Am J Gastroenterol 1972; 58: 
578-593. 

2. Johnston DH. Dysphagia, esophagitis, and hiatus hernia. Gastroin- 
testinal Endoscopy 1969; 15:220-223. 

3. Schatzki R, Gary JE. Dysphagia due to a diaphragm-like localized 
narrowing in the lower esophagus (“lower esophageal ring”). AJR 
1953; 70:91 1-922. 

4. Goyal RK, Glency JJ, Spiro HM. Lower esophageal ring (First of 
two parts). N Engl J Med 1970; 282:1298-1305. 

5. Bonavina L, Evanders A, DeMeester TR, et al. Length of the distal 
esophageal sphincter and competency of the cardia. Am J Surg 
1986; 151:25-36. 

6. DeMeester TR, Wang C-I, Wernly JA, et al. Technique, indications, 
and clinical use of 24-hour esophageal pH monitoring. J Thorac 
Cardiovasc Surg 1980; 79:656-667. 

7. Johnson LF, DeMeester TR. Development of the 24-hour intra- 
esophageal pH monitoring composite scoring system. J Clin Gas- 
troenterol 1986; 8(Suppl 1):52-58. 

8. Ott DJ. Radiologic evaluation of the esophagus. Jn Castell DO, 
Johnson LF, eds. Esophageal Functions in Health and Disease. 
New York: Elsevier Biomedical Publishing, 1983. pp. 211-35. 

9. Dyer NH, Pridie RB. Incidence of hiatus hernia in asymptomatic 
subjects. Gut 1968; 9:696-699. 

10. Curtis DJ, Butler PF. The investigation of dysphagia. JAMA 1986; 
256:2818. 

11. Code CF, Kelley ML, Schlegel JF, et al. Detection of hiatal hernia 
during esophageal motility tests. Gastroenterology 1962; 43:521- 
Sai 

12. DeMeester TR, Lafontaine E, Joelsson BE, et al. Relationship of a 
hiatal hernia to the function of the body of the esophagus and 
the gastroesophageal junction. J Thorac Cardiovasc Surg 1981; 
82:547-558. 

13. Mittal RK, Lange RC, McCallum RW. Identification and mechanism 
of delayed esophageal acid clearance in subjects with hiatus hernia. 
Gastroenterology 1987; 92:130-135. 

14. Dodds WJ, Dent J, Hogan WJ, et al. Mechanism of gastroesophageal 
reflux in patients with reflux esophagitis. N Engl J Med 1982; 
307:1547-1552. 





Bleeding Duodenal Ulcer 


A Prospective Evaluation of Risk Factors for Rebleeding and Death 





FRANK J. BRANICKI, D.M., F.R.C.S., JOHN BOEY, F.A.C.S., PETER J. FOK, F.R.C.S., 

CHRISTOPHER J. PRITCHETT, M.D., F.R.C.S., SHEUNG-TAT FAN, F.R.C.S. (Glas), 

EDWARD C. S. LAI, F.R.C.S., F.R.A.C.S., FRANCIS P. T. MOK, F.R.C.S.E., WAI-SANG WONG, F.R.C.S., 
S. K. LAM, M.D., F.R.C.P.,* WAI-MO HUI, M.R.C.P.,* MATTHEW M. T. NG, M.R.C.P.,” 

ANNA S. F. LOK, M.R.C.P.,* DAVID K. H. LAM, B.A., M.C.K. TSE, Dip. M.L.S., 

ALAN P. K. TANG, M.LS., F.S.S., and JOHN WONG, PH.D., F.R.A.C.S., F.R.C.S., F.A.C.S. 


There were 12 hospital deaths in 433 patients (2.8%, 1.6% at 
30 days) presenting with bleeding duodenal ulcer. Excluding pa- 
tients who underwent immediate operation or early elective sur- 
gery, where ulcer size was measured at initial endoscopy re- 
bleeding was evident in 40/288 patients (13.9%) and was asso- 
ciated with an increased mortality (0.4% v 12.5%) (p < 0.0001). 
Rebleeding rates for ulcers < 1cm and > 1cm were respectively 
28/239 (11.7%) and 12/49 (24.5%) (p < 0.02). Rebleeding oc- 
curred in 13/186 patients (7.0%) in whom endoscopic stigmata 
of recent haemorrhage were absent and in 27/102 (26.5%) with 
such stigmata (p < 0.0001). The mortality rate for patients with- 
out stigmata was 3/186 (1.6%) whilst mortality figures for pa- 
tients with ulcers < Icm and > Icm in size were respectively 0/ 
77 and 3/25 (12.0%) when stigmata were identified. Ulcers > 1cm 
were more frequent in the > 60 year age group, more likely to 
have stigmata and carried an increased risk of rebleeding and 
mortality. 


most frequent site of massive upper gastrointes- 

tinal hemorrhage,’? although some patients 
known to have duodenal ulceration occasionally bleed 
from other lesions.’ Rebleeding has been documented to 
occur in 23% to 32% of patients,*° while massive rebleed- 
ing 1s a well-recognized characteristic of duodenal ulcer- 
ation;® the more severe the initial presenting hemorrhage, 
the more likely it is that bleeding will recur.’ Different 
management policies in selected patients with massive 
bleeding, exclusion rates, and variations in therapeutic 
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procedures invalidate comparisons of outcome in many 
published series. A pooled analysis of major British series 
for the years 1960 to 1975 documented a mortality rate 
for bleeding duodenal ulcer of 5%.’ Until recently mor- 
tality rate figures were still approximately 6% to 
9.8%,'°'? although better results with early surgical in- 
tervention have documented a fatal outcome in only 1% 
to 2.7% of patients. !>!4 

Experience in our department with immediate opera- 
tion after resuscitation in patients with bleeding duodenal 
ulcer who were more than 50 years old led to an unac- 
ceptable mortality rate of 14.6%,'° findings that are con- 
sistent with subsequent observations that early operative 
intervention in patients who are more than 60 years old 
produces no significant benefit than does a more conser- 
vative management policy.'° The latter study documented 
an overall mortality rate of 8.3% for patients older than 
60 years. Speculation that early aggressive management 
of bleeding duodenal ulceration with a nonbleeding visible 
vessel would be beneficial!’ also have not been borne out 
by a recent study that showed no advantage for early op- 
erative intervention in such patients who are more than 
50 years of age.'® 

A 47% incidence of comorbid illness has been reported!” 
in patients with bleeding peptic ulcer, and there is a general 
consensus that the prognosis for massive bleeding is 
mainly determined by patient risk factors, the nature of 
the procedure used being of secondary consideration.” 
Unfortunately poor surgical risks constitute more than 
two thirds of patients with major ulcer hemorrhage,”! 
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postoperative mortality being related to advanced age and 
associated medical illness.” Expectant management is 
advocated in patients with bleeding duodenal ulcer in the 
absence of massive hemorrhage and without endoscopic 
evidence of arterial bleeding or a visible vessel on presen- 
tation.'® To better define policies regarding the role and 
timing of surgery and/or therapeutic endoscopy, we have 
undertaken a prospective evaluation of our management 
of bleeding duodenal ulceration. 


Patients and Methods 


Clinical, laboratory, and endoscopic data were collected 
prospectively in 1049 patients with nonvariceal upper 
gastrointestinal hemorrhage (UGIH) admitted to the care 
of one surgical team between September 1985 and No- 
vember 1987. Patients were included in the study only if 
medical or nursing staff witnessed either hematemesis or 
melena, ¿.e., the passage of dark tarry or fresh melanotic 
stool. An admission systolic blood pressure of < 100 
mmHg was regarded as shock on presentation. Initial up- 
per endoscopy, usually carried out within 24 hours of 
admission, was conducted after spraying the oropharynx 
with Xylocaine (Astra Pharm., Sodertalje, Sweden) and 
without the use of intravenous sedatives. Endoscopic stig- 
mata of recent hemorrhage (ESRH) were denned as oozing 
hemorrhage or arterial spurting, coffee ground material, 
clot or luminal fresh blood, and/or an ulcer base with 
either overlying clot, a black spot/slough, or a visible ves- 
sel. Ulcer washing to remove nonadherent clot was left 
to the discretion of the endoscopist and we advocate the 
application of biopsy forceps alongside the ulcer for es- 
timation of its size, fully opened cups being 5 mm in 
diameter, 

Persistent hemorrhage according to serial monitoring 
of vital signs, hemoglobin estimation, fluid volume re- 
placement, and/or urine output measurements within 6 
hours of admission was classified as continuous bleeding. 
Rebleeding has been regarded as hemorrhage that occurs 
after early stabilization of pulse, blood pressure, and he- 
_moglobin concentration. Immediate operation after re- 
suscitation was considered advisable for shock on presen- 
tation with clinical evidence of continuous active bleeding 
requiring rapid volume replacement. Otherwise our prac- 
tice consisted of initial conservative management with 
the option of emergency surgery for failure of medical 
therapy, ie., rebleeding, or early elective operation. Our 
preference was for conservative management of patients 
in poor general health or with multisystem disease. His- 
_tamine receptor antagonist therapy was administered to 
patients after the identification of ulceration. 

Rebleeding was defined as the occurrence of fresh he- 

... matemesis, melena, or hypotension, /.e., a fall in systolic 
-blood pressure to < 100 mmHg or by 50 mmHg, or a fall 
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in hemoglobin level of > 2 gm/dL after initial correction 
of anemia. It was necessary to confirm the passage of fresh 
loose melanotic stool to comply with findings considered 
as unequivocal evidence of rebleeding. 


“Statistical Analysis 


Findings relating to conservative management without 


-operation and outcome after surgery were computerized_ 


for analysis. These nonparametric data were analysed by 
the Mann Whitney test, Fisher’s test of exact probability, 
or chi square test (X°) for 2 X 2 tables, as applicable. 


Results 


Of 1049 patients admitted with nonvariceal UGIH 433 
(41.3%) were found to be bleeding from duodenal ulcer- 
ation. Data were analyzed in these 433 patients with 
bleeding duodenal ulcer (male:female ratio 2.1:1) with a 
median age of 55 years (range, 12 to 99 years) and form 
the basis of this report. There were 4 deaths in hospital 
in 333 patients (0.4%) managed conservatively without 
surgery at any stage, 3 of these deaths occurring within 
60 days of admission. In contrast a fatal outcome occurred 
in 8 of 100 patients (8%) who underwent surgery with 
mortality figures at 30 and 60 days of 4 (4%) and 6 (6%) 
respectively (Table 1). 


Age and Sex 


Age was found to be significantly related to outcome 
(Table 2). There was only one death in 277 patients (0.4%) 
in the <60 year age group and this occurred in a 37-year- 
old woman with chronic renal failure taking steroids be- 
fore operation for systemic lupus erythematosis, found to 
have ESRH with bleeding to shock. Patients older than 
60 years had mortality figures at 30, 60, and more than 
60 days in hospital of 6 (3.8%), 8 (5.1%), and 11 (7.1%), 
respectively. 


Previous Medical Illness 


There were 10 deaths in 239 cases (4.2%) who had re- 
ceived no previous medical therapy for peptic ulceration 
compared with 2 deaths noted in 194 patients (1%) who 
had been so treated (p = 0.04). Coexistent medical illness 


TABLE 1. Management Outcome of Bleeding Duodenal Ulcer 


Number of 
Management Patients (%) Mortality (%) 
Conservative 333 (76.9) 4 (0.4) 
Surgery 100 (23.1) 8 (8.0) 
Immediate 35 (8.1) 4(11.4) `’ 
Failed medical therapy 35 (8.1) 4 (11.4) 
Early elective 30 (6.9) 0 


“ 


Vol. 211 * No. 4 


BLEEDING DUODENAL ULCER 


413 


TABLE 2. Age and Mortality 


Survivors 
Number of Patients/ 
Patient Group Median Age (range) 
Whole group 42] 
63.0/(12-97) 
Age < 60 years 276 
46.0/( 12-60) 
Age > 60 years 145 
71.0/(61-99) 
Conservative management 329 
§5.0/(12-91) 
Emergency Surgery 62 


59.0/(16-99) 


was found to be related to mortality in the whole group 
(Table 3). Diabetes mellitus, ischemic heart disease, 
congestive cardiac failure, chronic obstructive airways 
disease, pulmonary tuberculosis, chronic renal failure, and 
cirrhosis were each encountered more frequently in pa- 
tients older than 60 years (p < 0.05). 


Presentation 


Presenting features were coffee ground vomiting in 32 
(7.4%), hematemesis in 26 (6.0%), melena in 295 (68.1%), 
and coffee ground vomiting/hematemesis and melena in 
80 (18.5%) patients. Mortality figures for these diferent 
modes of presentation were 2 (6.3%), 2 (7.7%), 6 (2%), 
and 2 (2.5%), respectively. Nine of two hundred thirty- 
eight patients (3.8%) with no previous history of upper 
gastrointestinal bleeding succumbed, whereas only 3 
deaths were seen in 195 patients (1.5%) who had experi- 
enced a previous bleeding episode before the present ill- 
ness. Details of previous gastroduodenal surgery were ob- 
tained in 32 patients and all survived. Neither cigarette 
smoking (p > 0.05) nor alcohol ingestion (p > 0.05) were 
associated with an increased risk of death. 

When the whole group was considered, shock on ad- 


Mortality 
Number of Patients/ Significance 
Median Age (range) p 
12 
76.0/(37-86) <0.00! 
37.0 >0.5 
P ET <0.03 
05/1683) <0.003 
nT <0.03 


mission, i.e., admission systolic blood pressure < 100 
mmHg, was not associated with a significantly increased 
risk of death (p > 0.1). In the patients older than 60 yeers, 
shock on admission was, however, associated with death 
(p < 0.02; Table 4). Admission hemoglobin level was also 
related to outcome (Table 5). 


Endoscopy 


There were 11 deaths in 383 patients (2.9%) with a 
single ulcer and | death in 50 patients with = 2 ulcers 
(2%; p > 0.05). The ratio of anterior to posterior duodenal 
ulceration was 2.2:1, with respective mortality rates of 
0.9% and 4%. ESRH were evident in 118 of 277 patients 
60 years or younger (42.6%) and in 68 of 156 (43.6%) of 
patients older than 60 years (Table 6). Ulcer size was doc- 
umented at initial endoscopy in 288 patients and the <e- 
lationship between ulcer size and mortality is shown in 
Table 7, as is the relationship between ulcer size and ve- 
bleeding in patients undergoing initial conservative man- 
agement. 
=- Fresh blood at initial endoscopy was significantly Te- 
lated to outcome in the whole group of 433 patients (p 
< 0.01), in the patients who were 60 years or younger (p 


TABLE 3. Previous Medica! Health and Mortality 


Whole Group (433 Patients) 


Patients 
(Mortality) 
Diabetes mellitus 29 (3) 
Hypertension 43 (2) 
Cerebrovascular accident 3 (2) 
Ischemic heart disease 20 (3) 
Congestive cardiac failure -7 (3) 
Chronic obstructive airways disease 11 (2) 
Pulmonary tuberculosis 15 (2) 
Chronic renal failure 19 (8) 
Cirrhosis 10 (1) 
Pre-existing malignant disease 9 (2) 


Emergency Surgery (70 Patients) 


Significance Patients Significance 
p (Mortality) p 
<0.02 9 (2) >0.2 
>0.4 8 (1) >0.9 
<0.0001 2 (1) <0,09 
<0.001 5 (0) >0.4 
<0.000! 2 (2) <0,0001 
<0.002 4 (2) <0.02 
<0.02 3 (1) >0.2 
<0.0001 9 (6) <0.0001 
>0.15- . 6 (1) >0.6 
<0,001 4 (2) <0.02 
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TABLE 4. Admission Systolic Blood Pressure and Mortality 


Admission Systolic Blood 


Pressure 
: <100 mmHg >100 mmHg a 
Patient , i Significance 
Group Number of Patients (Mortality? p 
Whole group 78 (4) 355 (8) >0.1 
Age < 60 years 58 (0) 219 (1) >0.6 
Age > 60 years 20 (4) 136 (7) 


<0.02 


< 0.05) and the patients who were older than 60 years (p 
< 0.06). Similarly the presence of active spurting/oozing 
hemorrhage was associated with an increased risk of death 
for the whole group (p < 0.001) and for those patients 
older than 60 years (p < 0.06). Mortality rates for coffee 
grounds, fresh blood, and active spurting/oozing hem- 
orrhage at initial upper endoscopy were 1 of 52 (1.9%), 5 
of 64 (7.8%), and 4 of 30 (13.3%), respectively. Corre- 
sponding mortality figures for initial endoscopic inspec- 
tion of the ulcer base were 1 of 70 (1.4%), 1 of 36 (2.8%), 
and 2 of 25 (8.0%) for overlying clot, black spot/slough, 
and visible vessel, respectively. 

Three of 41 patients (7.3%) with ESRH and shock did 
not survive compared with only 5 deaths occurring in 145 
cases (3.4%) with ESRH but not shock on admission (p 
> 0.2). There was only one death in 37 patients who were 
in shock on presentation but in whom ESRH was not 
evident at initial upper endoscopy after resuscitation, 
while 3 deaths occurred in 210 cases without ESRH (1.4%) 
who were not shocked (p > 0.5). 


Initial Conservative Management and Rebleeding 


Continued bleeding after admission was seen in 27 of 
433 patients (6.2%), and was particularly evident in 5 of 
19 patients with chronic renal failure (p < 0.001). Exclu- 
sion of those who underwent immediate surgery or early 
elective operation allowed analysis of the initial conser- 
vative management group. Diabetes mellitus, hyperten- 
sion, ischemic heart disease, congestive cardiac failure, 
chronic renal failure, and cirrhosis were each associated 
with an increased risk of rebleeding (p < 0.03). Rebleeding 
occurred in 14.9% of anterior and 25% of posterior ulcers. 

There were 4 deaths in 231 patients (1.7%) in whom 


TABLE 5. Admission Hemoglobin and Mortality 


<10 g/dL >10 g/dL 
Hemoglobin Significance 
Number of Patients 
(Mortality) p 
Whole group 233 (11) 200 (1) <0.02 
Age > 60 years 95 (10) 61 (1) <0.04 
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TABLE 6. Endoscopic Stigmata of Recent Hemorrhage (ESRH) and 
Management Outcome 


Number of Patients (Mortality) 


Patient Significance 

Group ESRH Present ESRH Absent p 
Whole group 186 (8) 247 (4) 0.09 
Age > 60 years 68 (7) 88 (4) >0.05 


ESRH were absent compared with 4 deaths in 137 patients 
(2.9%) with stigmata (p > 0.4). Rebleeding occurred in 
50 of 368 patients (13.6%) and was seen in 18 of 231 
(7.8%) without ESRH and in 32 of 137 patients (23.4%) 
with such stigmata (p < 0.0001). Only 1 death occurred 
in the group of 318 patients (0.3%) who did not rebleed 
compared with a fatal outcome in 7 of 50 (14%) showing 
signs of rebleeding (p < 0.0001). Rebleeding was, not sur- 
prisingly, associated with an increase in total transfusion 
requirements (p < 0.000:). There was only one death in 
234 (0.4%) patients who were 60 years or younger com- 
pared with seven deaths occurring in 134 patients older 
than 60 years (5.2%) (p < 0.003). Rebleeding occurred in 
12 of 61 shocked patients (19.7%) and in 36 of 307 (11.7%) 
with an admission systolic blood pressure greater than 
100 mmHg (p < 0.1). 

Rebleeding was evident in 22 of 234 (9.4%) patients 60 
years or younger and in 28 of 134 (20.9%) patients older 
than 60 years (p < 0.003); there was only one death (4.5%) 


TABLE 7. Endoscopic Stigmata of Recent Hemorrhage (ESRH), 
Ulcer Size, Mortality, and Rebleeding 


Endoscopic Stigmata of Recent Hemorrhage and Ulcer Size 


Ulcer size (cm) <! 1-<2 >2 


Number of Patients (ESRH Present) 


Age < 60 years 192 (73) 16 (9) 2 (2) 
Age > 60 years 80 (28) 37 (20) 5 (4) 
All ages 272 (101) 53 (29) 7 (6) 
Ulcer Size and Mortality 

Ulcer size (cm) <] [2<9 >2 


Number of Patients (Mortality) 


Age < 60 years 192 (0) 16 (1) 2 (0% 
Age > 60 years 80 (4) 37 (3) 5 (2) 
All ages 272 (4) 53 (4) 7 (2) 


Ulcer Size and Rebleeding During Initial Conservative Management 


Ulcer size (cm) <] 1-<2 >2 


Number of Patients (Rebleeding) 


Age < 60 years 165 (14) 13 (3) 2 (1) 
Age > 60 years 74 (14) 32 (6) 2 (2) 
All ages 239 (28) 45 (9) 4 (3) 
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in the younger patients who rebled. Death occurred in 6 
of 28 (21.4%) patients older than 60 years who rebled, 
while in the absence of rebleeding only | of 106 (0.9%) 
patients older than 60 years died (p < 0.0001). There were 
two deaths for initial conservative management of 61 
shocked patients compared to only six deaths in 307 (2%) 
patients with an admission systolic blood pressure greater 
than 100 mmHg íp > 0.5). 

Rebleeding rates for the presence of a visible vessel, 
fresh blood, or active spurting/oozing hemorrhage sufħ- 
ciently severe to necessitate emergency surgery were 
33.3%, 27%, and 26.3%, respectively (Table 8). Rebleeding 
rates for ulcers measuring | cm or less and those mea- 
suring more than 1 cm were 28 of 239 (11.7%) and 12 of 
49 (24.5%), respectively (p < 0.02; Table 7). Mortality 
rates for this initial conservative group were 3 of 239 pa- 
tients (1.3%) and 3 of 49 patients (6.1%) for ulcers mea- 
suring 1 cm or less and more than 1 cm, respectively (p 
< 0.03). Rebleeding occurred in 9 of 12 cases with an 
eventual fatal outcome. 

An ulcer measuring more than | cm was evident in 15 
of 180 (8.3%) patients aged 60 years or younger and in 
34 of 108 (31.5%) patients older than 60 years (p < 0.0001; 
Table 9): In the initial conservative management group 
patients 60 years or younger had rebleeding rates for ulcers 
measuring | cm or less and more than ! cm of 14 of 165 
patients (8.5%) and 4 of 15 patients (26.7%), respectively 
(p < 0.03). There were no deaths in this younger age group 
for ulcers measuring! cm or less, but 1 of 15 (6.7%) pa- 
tients with an ulcer larger than | cm died. In those patients 
older than 60 years undergoing initial conservative man- 
agement, rebleeding occurred in 14 of 74 patients (18.9%) 
with an ulcer measuring | cm or less in diameter, and 
there were three subsequent deaths, two occurring in pa- 
tients who rebled. In these patients older than 60 years, 
rebleeding occurred in 8 of 34 patients (23.5%) with ulcers 
measuring more than | cm, with 2 deaths, both occurring 
after rebleeding from an ulcer measuring more than 2 cm 
with ESRH. 

In the group undergoing initial conservative manage- 


TABLE 8. Endoscopic Stigmata of Recent Hemorrhage and Surgery for 
Failure of Medical Therapy During Initial 
Conservative Management 


Number of Surgery for Mortality 
ESRH Patients Rebleeding (%) (%) 
Coffee grounds 39 10 (25.6) 0 
Fresh blood 37 10 (27.0) 3 (30.0) 
Actively spurting/ 
oozing 19 5 (26.3) 2 (40.0) 

Ulcer Base 

Clot 52 |I (21.2) 0 

Black spot 21 5 (18.5) 1 (20.0) 

Visible vessel 15 5 (33.3) 0 
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TABLE 9. Rebleeding and Mortality During Initial 
Conservative Management 
Ulcer Size (cm) xI [<2 >2 


Number of Patients with Rebleeding 


(Mortality) 
Age < 60 years 14 (0) 3 (1) 1 (0) 
Age > 60 years 14 (2) 6 (0) 2 (2) 
All ages 28 (2) 9 (1) 3 (2) 


ment and in whom ulcer size was documented, rebleeding 
occurred in 13 of 186 patients (7%) without ESRH, 
whereas rebleeding was evident in 27 of 102 patients 
(26.5%) with such stigmata (p < 0.0001). There was only 
one death in 248 patients (0.4%) who did not rebleed, 
whereas 5 of 40 patients (12.5%) who rebled did not sur- 
vive (p < 0.0001). In this initial conservative group, ESRH 
were found in in 77 of 239 patients (32.3%) with an ulcer 
measuring | cm or smaller and in 25 of 49 (51%) with an 
ulcer measuring more than | cm (p < 0.02), corresponding 
rebleeding figures were 17 of 77 (22.1%) and 10 of 25 
(40%) patients (p < 0.08). All four patients with an ulcer 
larger than 2 cm in diameter had ESRH.” 

For ulcers 1 cm or smaller there was an increased risk 
of rebleeding in the presence of a visible vessel (p < 0.003) 
or black spot/slough (p < 0.02). For ulcers measuring | 
to 2 cm in size, fresh blood and active spurting/oozing 
hemorrhage were each related to an increased risk of re- 
bleeding (p < 0.05) and death (p < 0.01). 


Blood Transfusion 


Median preoperative transfusion requirements were not 
significantly higher in patients who died when compared 
with survivors of immediate surgery, surgery for rebleed- 
ing, or both (p > 0.15). Total blood transfusion require- 
ment was, not surprisingly, found to be related to mortality 
(Table 10). In patients who were transfused, the median 
total transfusion requirement in the patients who were 60 
years old or younger was 4 (range, | to 22 units), which 
was similar to values of 4.5 (range, | to 62 units) in the 
patients older than 60 years. More than 5 units of blood 
for transfusion was required in only 56 of 247 patients 
(22.7%) without ESRH at initial upper endoscopy, while 
80 of 186 patients (43%) with ESRH evident received more 
than 5 units of blood (p < 0.0001). Corresponding mor- 
tality rates for patients who were initially managed con- 
servatively and who received 5 or fewer or more than 5 
units of blood were 1 of 264 (0.5%) and 7 of 104 (6.8%), 
respectively (p < 0.001). 


Mortality 


Rebleeding occurred in 16 of 333 patients (4.8%) man- 
aged without surgery at any stage and 3 of these 16 patients 
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TABLE 10. Total Blood Transfusion Requirement and Mortality 
Survivors Mortality 
Number of Patients Number of Patients 
he ee a ee Significance 
Patient Group Mean Number (Range) of Units of Blood Transfused (p) 
Whole group 421.0 12.0 
3.0 (0-42) 10.0 (2-62) <0.0001 
Age < 60 years 276.0 10° 
. 3.0 (0-22) 3.0 >0.05 
Age > 60 years 145.0 11.0 
3.0 (0-42) 10.0 (2-62) <0.001 
Conservative management 329.0 4.0 
3.0 (1-24) 8.5 (2-11) <0.07 
Emergency surgery 62.0 8.0. 
. 8.0 (1-42) 13.5 (7-62) <0.02 


died. In this group of 333 patients who were managed 
conservatively 317 did not rebleed, there being only one 
death that occurred more than 60 days after admission 
(p < 0.0001). i 

Therapeutic endoscopy, the nature of which was not 
randomized, was performed in only eight patients and all 
survived. The 30-, 60-, and more-than 60-day mortality 
rates for emergency surgery, i.e., either immediate oper- 
ation or surgery for rebleeding were 5.7%, 8.6%, and 
11.4%, respectively, thus‘emphasizing the finding that late 
deaths are associated with coexistent medical illness (Ta- 
ble 11). ie ee l 

There were six deaths in 93 cases without evidence of 
postoperative gastrointestinal rebleeding, whereas two of 
seven patients who rebled after surgery died (p < 0.04). 
In the nonoperated group primary causes of death were 
respiratory failure in three patients and active gastroin- 
testinal bleeding in one patient. The primary causes of 
postoperative death were respiratory failure (4 cases), renal 
failure (2 cases), septicemia secondary to pyonephrosis (1 
case), and active gastrointestinal bleeding (1 case). 


Logistic Regression Models for Rebleeding and Death 


Rebleeding was documented in 39 of 247 patients (16%) 
who underwent initial conservative management and in 
whom admission systolic blood pressure, ulcer size, and 


the presence or absence of ESRH were recorded. These 
variables were evaluated using logistic regression analysis 
for rebleeding. The only factor found to be of independent 
significance was ESRH (p < 0.001). The predicted prob- 
ability of rebleeding was 7% in the absence of ESRH and 
26% in the presence of ESRH. The sensitivity and spec- 
ificity were both 69% if 16% is used as a cut-off probability 
for predicting a rebleed, i.e., a rebleed is considered to be 
predicted if the predicted probability of a rebleed is more 
than 16%. 

- A number of independent variables such as age more 
than 60 years, a previous history of concomitant medical 
illness, shock on presentation, admission hemoglobin 10 
or more g/dL, transfusion requirements in excess of 5 
units of blood, ulcer size greater than 1 cm, and rebleeding 
were evaluated using stepwise logistic regression analysis 
for mortality. The presence of concomitant medical illness 
and blood transfusion volume > 5 units were each in- 
dependently significant (p < 0.0001), whereas ulcer size 
of more than | cm was not as useful (p = 0.064). Risk 
factors and predicted probability of death are shown in 
Table 12. In the presence of concomitant medical illness, 
a patient with an ulcer measuring more than 1 cm and 
requiring more than 5 units of blood had a predicted 
probability of death of 46.7%. Data analysis revealed that 
for a cut-off predicted probability of death in the range 


TABLE 11. Surgical Mortality { ) for Bleeding Duodenal Ulcer 





Failed Medical Therapy Early 
Immediate - (Rebleeding) Elective Total 
Truncal vagotomy and pyloroplasty 
(+ulcer excision/plication) 29 (3) 26 (4) 4 (0) 59 (7) 
Truncal vagotomy and antrectomy 1 (0) 3 (0) 11 (0) 15 (0) 
Proximal gastric vagotomy (ulcer 
excision/plication) : 3 (0) 4 (0) 14 (0) 21 (0) 
Billroth II gastrectomy 1 (0) 2 (0) I (0) 4 (0) 
Plication 1 (1) 0 0 ~ 1 (1) 
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TABLE 12. Risk Factors and Predicted Mortality 


Any Concomitant Blood 
Medical Illness Ulcer Size Transfusion. 
(Table 3) >] cm >5 units 
No No No 
No Yes No 
Yes Yes No 
No Yes Yes 
Yes No No 
No No Yes 
Yes No Yes 


Predicted 
Number of Patients Probability 

of Death 
Survivors Mortality (%) 
181 0 0.1 
28 0 2.4 
13 0 3.5 
6 0 5.5 
39 I 0.9 
33 l 1.4 
15 2 17.9 
5 6 46.7 


Yes Yes Yes 


of 2.5% to 17.5%, the sensitivity of the model was 80%, 
specificity was 94%, and accuracy was 93%. 


Discussion 


It has been suggested that a perforating ulcer does not 
bleed to the same extent as a posterior lesion because the 
arterial branches supplying the anterior duodenum are of 
smaller caliber.” Death is believed to be more likely with 
posterior ulceration”* and has been reported in a 35-year- 
old man with no concomitant medical illness.” In our 
study the higher mortality rate for posterior ulcers com- 
pared with anterior ulceration may be, perhaps, attributed 
to the increased risk of rebleeding with posterior lesions. 
Endoscopic stigmata of recent hemorrhage carried a 
threefold increase in mortality rate. The combination of 
ESRH and shock on presentation was particularly asso- 
ciated with an increased mortality rate. The presence of 
fresh blood, a visible vessel, and active spurting/oozing 
hemorrhage had a significant adverse effect‘on outcome. 

The overall rebleeding rate was 13.6%. There was a 
threefold increase in the rebleeding rate on initial con- 
servative management in hospital if ESRH were evident. 
Larger ulcers carried an increased risk of rebleeding, 
ESRH being more frequent in ulcers measuring more than 
1 cm. For ulcers larger than 2 cm, fresh blood and active 
spurting/oozing at initial endoscopy were each associated 
with an increased risk of rebleeding and death. Larger 
ulcers were more frequently encountered in patients older 
than 60 years, and an increased mortality rate was directly 
related to increased ulcer size. Rebleeding was a more 
frequent occurrence in patients presenting with shock and 
was also seen more often in patients older than 60 years; 
it was associated with a 46-fold increase (0.3% vs. 14%) 
in mortality rate because 9 of 12 patients who died rebled 
while hospitalized. 

While preoperative transfusion values were not signif- 
icantly related to mortality rates, total transfusion re- 
quirements did have a significant bearing on outcome. A 
transfusion of more than 5 units was more frequently 
required for patients in whom ESRH were seen. There is, 


however, a credible argument against using certain levels 
of transfused blood to determine when and whether to 
operate. Rather the nature of the lesion, the clinical status 
of the patient, and information on the estimated rate of 
blood loss are overriding.” 

A history of previous gastroduodenal surgery is said to 
increase the risk of fatal hemorrhage in patients with peptic 
ulcer disease,” although this has not been substantiated 
in the present study. There is no doubt that ligation of 
the bleeding point is the critical step in the control of 
hemorrhage.” Truncal vagotomy and pyloroplasiv ` 
(TV&P) was the definitive procedure of choice by 70% of 
British consultants replying to a questionnaire, while 
proximal gastric vagotomy for acutely bleeding duodenal 
ulceration appears to have few advocates.”” Traditionallv 
TV&P with ulcer excision/plication has been claimed to 
be safer than gastrectomy!’ and is particularly suitable 
for expeditious surgery in the critically ill.” For larger 
ulcers, measuring more than 2 cm, our preference is for 
excisional surgery with truncal vagotomy and antrectomy 
or Polya gastrectomy.**?' Operation is not recommended 
in patients with intractable heart failure, end-stage cir- 
rhosis, terminal malignant disease, or gross pulmonary 
insufficiency.” 

Postoperative mortality rates have been reported to be 
8% to 12%.'?2:29-32 AJ] 269 patients who were 70 years or 
younger managed conservatively without surgery at any 
stage survived. There were no deaths among 16 patients 
who were 60 years or younger who underwent immediate 
operation, and only one death occurred in 20 patients in 
this younger age group undergoing surgery for rebleeding. 
Only 3 of 51 patients (5.9%) 70 years or younger who 
underwent emergency surgery, i.e., either immediate op- 
eration or surgery for rebleeding, did not recover. Two of 
seven patients who experienced postoperative gastroin- 
testinal rebleeding did not recover and this emphasizes 
the importance of adequate control of the bleeding point 
at surgery with attention to detail to avoid suture-line 
hemorrhage. 

Nine of twelve fatalities occurred in patients with no 
previous history of acute gastrointestinal bleeding. This 
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highlights the need for renewed endeavours to diagnose 
and treat painful ulceration to preclude overt bleeding. 
Mortality rate was not significantly related to sex, a history 
of previous gastroduodenal surgery, cigarette smoking, or 
alcohol-ingestion (p > 0.05). Age of more than 60 years 
and previous medical illness, of increasing importance in 
elderly patients, were each significantly related to out- 
come. Shock on admission was associated with a fourfold 
increase in mortality, of particular significance (p < 0.02) 
in patients older than 60 years; admission hemoglobin 
was also of prognostic value. 

Logistic regression analysis revealed that ESRH were 
of paramount importance in the prediction of rebleeding. 
A similar analysis confirmed that an evaluation of the 
presence of pre-existing concomitant medical illness, ulcer 
size of more than 1 cm, and transfusion requirements in 
excess of 5 units were valuable for the prediction of death. 

The presence of ESRH in ulcers larger than 1 cm is 
associated with an increased risk of rebleeding and should 
lead to urgent consideration of either therapeutic endo- 
scopic or early operative intervention, particularly in pa- 
tients older than 60 years. 
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The efficacy of three gastric restriction operations were compared 
in a prospective randomized study of 310 morbidly obese subjects. 
The median patient age was 34 years (range, 18 to 62 years). 
They were predominantly female (13:1) and had a median pre- 
operative weight that was 198% of their ideal weight (range, 
160% to 318%). There was an equitable dispersion of perceived 
risk factors between the groups under study and there were no 
deaths during the perioperative period. Compliance with follow- 
up at 3 years was 91%. When success was defined as a loss of 
more than 50% of excess weight or a current pregnancy, the 
success rates at 3 vears were 17% for gastrogastrostomy, 48% 
for vertical gastroplasty, and 67% for Roux-en-Y gastric bypass 
(p < 0.001). Although the gastric bypass operation took longer 
to perform, there were similar outcome patterns for the three 
groups during the postoperative period. We conclude that the 
Roux-en-Y gastric bypass is the preferred procedure for the sur- 
gical treatment of morbid obesity. 


uals tends to be poor. Besides being afflicted by 
a number of psychosocial problems,' they are 
prone to health risks that contribute to a shortened life- 
span.” Unfortunately few morbidly obese patients 
achieve long-term weight loss after dietary or behavioral 
therapy, and techniques that use mobile incarceration (jaw 
wiring and the endoscopic insertion of intragastric bal- 
loons) are associated with high rates of initial failure or 
recidivism.” 
Although the operation of jejunoileal bypass resulted 
in satisfactory weight loss, with a reversal of many of the 
psychosocial and physical disorders associated with mas- 


T HE QUALITY OF LIFE of morbidly obese individ- 
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sive obesity, the metabolic consequences were consider- 
able.8-'° Attempts to avoid these problems have resulted 
in the creation of various gastric restriction operations. 
During these procedures, stapling devices are used to form 
a small proximal pouch of stomach that is confluent with 
the esophagus, and a narrow stoma is constructed to drain 
this pouch into either the distal stomach or a segment of 
small bowel. In general these operations result tn similar 
patterns of weight loss but fewer complications than occur 
with jejunoileal bypass.''"'* Both the jejunoileal bypass 
and gastric reduction procedures produce better patterns 
of weight loss than dietary therapies.'>'® 

Several gastric procedures have been recommended as 
the best forms of bariatric surgery. However there is a lack 
of clinical trials that have evaluated different forms of 
surgery. The Adelaide Study is a clinical trial designed to 
investigate the effect of Roux-en-Y gastric bypass, gastro- 
gastrostomy, and vertical gastroplasty on weight loss in 
patients with morbid obesity. This report details the results 
3 years after surgery. 


Methods 


We decided prospectively to enter more than 300 pa- 
tients into the study so that we could reliably detect or 
reject a 20% difference in the success rates after surgery 
using a two-tailed test and assuming a probability of a 
type I error of 5%, a power of 90%, and a failure rate of 
10% after 1 year for the control group (gastric bypass). 
At the time of the study closeout in December 1984, 310 
patients had been entered at an accrual rate of 9.1 patients 
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per month. The study protocol was approved by the Hu- 
man Ethics Committees of the participating institutions. 


Patients 


All patients referred to the participating surgeons for 
bariatric surgery were considered for entry into this study 
providing that they weighed more than 160% of their ideal 
weight,!® were over 18 years of age, had no prior abdom- 
inal surgery for obesity, had undergone vigorous attempts 
at weight reduction by conservative means, and resided 
within the Adelaide metropolitan area. Patients who ful- 
filled these criteria entered the study providing that the 
patient gave their informed consent, a physician and psy- 
chiatrist had reviewed the patient to exclude the presence 
of an underlying endocrinopathy or psychotic disorder, 
and the surgeon was satisfied that the operation was de- 
sirable and that any one of the three procedures was tech- 
nically feasible. 

Patients were counseled at length about the possible 
outcome of surgery and were provided with a 24-page 
information booklet that outlined the basic features of 
the operations, gave an indication of the anticipated 
' weight loss, detailed the events that might occur during 
the perioperative period, gave an account of the proba- 
bility of a significant complication or death after surgery, 
advised about food intake after surgery, and provided in- 
formation about the local Gastric Stapling Support Group. 
Therefore the study complied with published recommen- 
dations about information dissemination before bariatric 
surgery.!” 


Entry Procedure 


Entry into the trial was initiated by a telephone call to 
the Trial Secretary. The patient was interviewed by a re- 
search nurse and then randomized into one of the three 
treatment groups. At this stage information was collected 
about prognostic factors to be used in the randomization 
procedure, psychosocial and demographic variables, and 
the existence of comorbid conditions. 

A stratified randomization technique was used, with a 
block size of six with allocation of operations within each 
block determined by computer-generated pseudorandom 
numbers. There were 32 strata, i.e., sex (male, female); 
age (18 to 27 years, 28 to 37 years, 38 to 47 years, older 
than 47 years); and percentage of ideal weight (160% to 
190%, 191% to 220%, 221% to 250%, more than 250%). 
We also wished to have an equitable disjersion of the 
three operations between the participating surgeons. Be- 
cause increased stratification would have been self-de- 
feating in a trial of this size, we ensured an even balance 
of this prognostic variable by using the baseline adaptive 
randomization procedure advocated by Pocock and 
Simon.”° 


HALL AND OTHERS 


Ann. Surg. « April 1990 


Standardization of Operations 


Before beginning this study, the participating surgeons 
visited their colleagues’s operating theatres to standardize 
their techniques. During the course of the study discus- 
sions about standardization of operative techniques took 
place during each of the three-monthly trial-review ses- 
sions. The protocol for the operative procedures remained 
unchanged throughout the course of the study. The nature 
and duration of each operation was recorded by the sur- 
geon on an operative data sheet. The patients were inter- 
viewed again by a research nurse before leaving the hos- 
pital. | 

There were several features.common to each of the 
three operations (Fig. 1): Laparotomies were performed 
through an upper midline incision that was repaired by 
mass-closure with | nylon; prophylactic antimicrobials 
that were active against facultative aerobes and anaerobes 
were administered at the time of induction of aneasthesia: 
proximal gastric pouches less than 50 mL were created 
with the aid of a nasogastric tube; stomachs were parti- 
tioned using staples (TA 90, Auto Suture Australia Pty 
Ltd, Kingsgrove, New South Wales, Australia); stomas 
measured between 10 and 12 mm at the time of construc- 
tion; and drain tubes were not used routinely. 

When performing a vertical gastroplasty, the staples 
were inserted from a point adjacent to the left margin of 
the esophagogastric junction to the edge of a bougie oc- 
cupying the lesser curve of the stomach. The resultant 
stoma was then reinforced with two encircling sutures of 
No. | Ethibond (Ethicon Mechanical, Sydney, New South 
Wales, Australia) placed at and 1 cm proximal to the cau- 
dal end of the staple line. When identified the pin holes 
in the stomach were closed with an absorbable suture. 
Anterior gastrogastrostomies were constructed around a 
36F bougie (diameter of 11.5 mm) in two layers using 
inner 3/0 absorbable and outer 3/0 nonabsorbable sutures. 
When performing a gastric bypass, the proximal pouch 
of the partitioned stomach was anastomosed side-to-side 
with a 40-cm retrocolic Roux-en-Y segment of upper je- 
junum in two layers using inner 3/0 absorbable and outer 
3/0 nonabsorbable sutures. 


Assessment of Outcome 


‘The research nurse interviewed and weighed each pa- 
tient in the hospital before surgery, at home 10 weeks 
after discharge from hospital, and thereafter each year. 
Patients were encouraged to contact the research nurse 
or their surgeon when any perceived problems arose. The 
problems of loss to follow-up in clinical trials were dis- 
cussed with the patients before surgery, and each patient 
who entered the trial provided the names and addresses 
of two friends or relatives to act as contact persons if they 
became lost to follow-up (only one patient supplied fic- 
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Fics. 1A-C. The three gastric restriction operations.under study: (A) 
vertical gastroplasty, (B) gastrogastrostomy, and (C) Roux-en-Y gastric 
bypass. 


titious contacts). Patients who shifted interstate were con- 
tacted by telephone and local doctors were asked to pro- 
vide information about the patient’s present weight. 

Weight loss was the main study endpoint. We have 
adopted the convention of expressing this variable as the 
percentage of the excess weight that had been lost, i.e., 
(weight lost) - 100 / (initial weight — ideal weight). Treat- 
ment failure was defined as either a failure to lose 50% of 
excess weight,”! death, loss to follow-up, or revision or 
reversal of the operation. Patients who were pregnant 
within 3 months before the time of assessment have been 
classified as a success. Thereafter such patients were as- 
sessed on their current weight. 
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Comorbidity Status and Nutritional Assessment 


Comorbidity was deemed to be present when an in- 
dependent clinician reviewed the patient before surgery 
and decided that there was a clinical indication for drug 
therapy in the management of diabetes mellitus, hyper- 
tension, asthma, or an arthropathy. In addition assessment 
by an independent clinician determined the need for 
medication at the time of each annual review. 

Iron and multivitamin supplementation were pre- 
scribed for all patients during the first year after surgery. 
Each surgeon has assumed responsibility for the long-term 
monitoring of nutritional status for their patients. 


Statistical Analysis 


We have used nonparametic descriptive statistics to de- 
scribe the data. The interquartile range (IQR) describes 
values between the 25th and 75th percentiles. Success rates 
between the groups were compared using the chi square 
test for overall trend. Statistical significance was set as a 
probability of a type I error of less than 5% using a two- 
tailed test. 


Results 
Success of Stratified Assignment 


_Of the 350 eligible patients who were referred to the 
participating surgeons during the accrual period, 40 were 
excluded from study (Table 1). The most frequent reason 
for exclusion was inadequate communication that resulted 
in a failure to randomize the patient before surgery. The 


_ Stratified assignment of patients resulted in an equitable 


dispersion of demographic variables and perceived risk 
factors between the groups under study (Table 2). A pre- 
vious jaw wiring had failed to control morbid obesity in 
18% of the patients (55 of 310 patients). 


Perioperative Events 


No patients died during the perioperative period. Al- 
though it took longer to perform a gastric bypass than 


TABLE 1. Eligible Patients Excluded from Study 


Reason Number of Patients 
Failure to be randomized 16 
Surgeon’s Decision 9 


Concern about access (8) 
Duodenal tumor (1) 
Physician’s Decision 5 
Pulmonary disease (3) 
History of thromboembolism (1) 
Pregnancy (1) 


Patient Refused Consent 7 
Noncompliance by Surgeon 3 
Total 40 
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TABLE 2. Dispersion of Baseline Variables 
Gastroplasty Gastrogastrostomy Gastric Bypass 
Baseline Variable (n = 106) (n = 105) (n = 99) 

Age (years) = 

Median 34 34 35 

IQR 29-39 28-40 29-44 

Absolute range 18-59 18-62 19-57 
Sex 

Male/Female 8798 9/96 5/94 
Percentage Ideal Weight 

Median 198 194 198 

IQR 186-219 180-215 181-224 

Absolute range 164-318 162-284 160-269 
Surgeon 

A 34 36 34 

B 22 20 20 

C 18 19 16 

D 18 17 17 

E 9 g 8 

F 5 5 4 
Prior Cholecystectomy 16 20 1] 
Prior Attempts at Weight Loss 

Weight reduction programs 99 98 : 90 

Prescription drugs 94 83 86 

Hypnotherapy 33 39 35 

Acupuncture 38 30 34 

Jaw wiring 22 19 14 
Psychiatric Problems Requiring Medication 

Current 5 0 2 

Previous 25 17 13 
Marital Status 

Married 67 65 60 

Single 39 39 39 
Socioeconomic Status in Household l , 

Professional/managerial 13 11 10 

Own Business/clerical 19 15 14 

Skilled labor 17 24 23 

Unskilled 57 50 


either of the other two procedures, each of the groups of 
patients spent an equivalent time in the hospital and had 
similar patterns of perioperative morbidity (Table 3). The 
three patients who had a pulmonary embolus had each 
undergone a gastric bypass operation. There were six in- 
traoperative complications: Three occurred in patients 
undergoing a gastroplasty (nasogastric tube stapled to the 
stomach, staple-gun malfunction, and an incidental sple- 
nectomy), two patients had complications during the 
course of a gastrogastrostomy (one 4 pouch hematoma 
and the other laceration of the splenic vein), and an in- 
cidental splenectomy was performed in one patient un- 
dergoing a gastric bypass. 


Events During Follow-up 


Two patients died within the 3-year review period. One 
patient had an adenocarcinoma of the colon and the other 
had hemorrhagic complications after a subsequent cho- 
lecystectomy. In all, 89 obesity-related surgical procedures, 
exclusive of reversal or revisional operations, were per- 
formed within the 3 years after bariatric surgery (Table 


4). The most common operations performed were trim- 
ming procedures to remove excess skin from abdomen, 
breasts, thighs, and arms. Ten per cent of the women 
younger than 40 years (21 of 214 patients) became preg- 
nant within 3 years of bariatric surgery. 


Weight Loss 


_ Table 5 lists data about the absolute weight of each of 
the groups under study. These figures demonstrate that 
patients in the gastrogastrostomy group have performed 
relatively poorly at the time of each annual review. Unlike 
the patients in the other’ groups, patients in the gastro- 
gastrostomy group weighed more at the end of the second 
year than they did at the end of the first year. The median 
weight of all of the groups was higher at the end of the 
third year than it was at the end of second year. There 
were no marked differences in outcome between the par- 
ticipating surgeons. 

Table 6 lists the percentage of the excess weight that 
was lost at the end of the third year. The cumulative results 
are presented over the full range of values so that the 
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TABLE 3. Perioperative Data 


Gastroplasty 
Data (n = 106) 
Operating Time (minutes) 
Median 70 
IQR 60-90 
Absolute range 30-130 
Duration of Postoperative 
‘Stay in Hospital (days): l 
Median -8 
IQR 71-9 
Absolute range 5-68 
Concomitant cholecystectomy 
(n = 55) 16 
Postoperative Complications 
(number of patients) 
Wound infection 4 
Atelectasis/pneumonitis 2 
Delayed pouch emptying I 
Pulmonary embolus 0 
Phlebitis 0 
Hematemesis 0 
Crisis reaction 2 
Suk-phrenic abscess l 
Small bowel necrosis 0 
Wound dehisence l 
Deep vein thrombosis 0 
Respiratory fatlure Í 
Urinary tract infection 0 


consequences of selecting different criterion levels can be 
evaluated. Regardless of which criterion level is selected 
for analysis, the proportion of patients who can be clas- 
sified as a success is greatest in the gastric bypass group 
and least in the gastrogastrostomy group. When the cri- 
terion used in this study is employed, these differences 
are significantly different (p < 0.001). 


Comorbidity 


We observed an improvement in comorbidity patterns 
associated with weight loss (Table 7). The amount of 
medication required to manage patients with obesity-re- 
lated illnesses tended to decrease as the patients lost 
weight. Sixty per cent of the patients who initially had an 


Gastric Bypass 
(n = 99) 


Gastrogastrostomy 
i l (n = 105) 


90 120 
75-105 105-140 
45-175 70-310 
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obesity-related comorbid condition (50 of 84 patients) 
were free of specific medication when reviewed 3 years 
after bariatric surgery. 


Discussion 


In this study we found that the Roux-en-Y gastric by- 
pass operation was more effective in weight reduction than 
either vertical gastroplasty or gastrogastrostomy. Although 
this procedure took longest to perform, it was associated 
with a similar perioperative morbidity when compared 
with the other operations, and it resulted in more weight 
loss during the first 3 years after surgery. 

Since this study was started, various forms of gastro- 
plasty have been promoted as the optimum form of gastric 


TABLE 4. Obesity-reluted Events in the First 3 Years After Bariatric Surgery 


Gastroplasty 
Event {n= 106) 

Nongastric Operations 

Trimming procedures (n = 68) 19 

Cholecystectomy (n = 18) 4 

Incisional hernia (n = 3) 0 

Total (n = 89) 23 
Pregnancy 

Year | (n = 8) «a 

Year 2 (n = 7) l 

Year 3 {n = 6) 4 ` 

8 


Total (n = 21) 


Gastrogastrostomy Gastric Bypass 
(n = 105) (n = 99) 
14 35 
7 7 
l 2 
22 44 
3 2 
4 2 
i | 
8 5 
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TABLE 5. Body Weight (kg) During the Period of Study 


Time Gastroplasty Gastrogastrostomy Gastric Bypass 
Baseline (n = 106) (n = 105) (n = 99) 
Median ee Oe 110 115 

IOR 100-125 100-126 104-125 
Range 88-157 78-162 83-170 
Year | {n = 99) (n = 95) {n = 95) 
Median 76 8] 73 
IOR 65-87 74-95 63-84 
Range 50-115 56-132 53-128 
Year 2 (n = 89) (n = 80) (n = 92) 
Median 75 86 7l 
IQR 66-89 75-98 63-83 
Range 49-121 58-132 49-140 
Year 3 (n = 80) (n = 67) (n = 85) 
Median 79 93 76 
IOR 70-94 79-106 65-86 
Range 44-125 60~156 55-140 


The number of patients decreases during each subsequent year because 
of the exclusion of patients who are either pregnant or have been classified 
as failures. 


restriction. However gastrogastrostomy has failed to gain 
credibility and is now rarely discussed in the surgical lit- 
erature. In the Greenville Study,” 87 morbidly obese pa- 
tients were randomized to receive either a gastric bypass 
or a gastrogastrostomy. Gastric bypass patients lost 21% 
more of their original weight at 18 months than did the 
patients who received a gastrogastrostomy. When Buck- 
walter and Herbst?’ concluded that gastrcgastrostomy was 
the preferred operation for the treatmen: of morbid obe- 
sity, this statement was based on the observation that gas- 
trogastrostomy was associated with a low incidence of 
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TABLE 7. Comorbidity Status 3 Years Afier Bariatric Surgery 


Proportion of Patients 
Disease Off Medication 


Diabetes mellitus 6 of 8 (75%) 


Arthropathy 16 of 25 (64%) 
Hypertension 22 of 39 (56%) 
Asthma 6 of 12 (50%) 


stomal obstruction rather than on considerations relating 
to the extent of weight loss. That impression has not been 
confirmed in our study. 

A number of prospective studies have concluded that 


gastric bypass is more effective than various forms of un- 


banded gastroplasty.” 7 Furthermore Flickinger et al. 
have reviewed the Greenville experience of gastric bypass 
in 210 patients who had an average age of 35 years and 
an initial mean ideal weight of 214%. Twenty of the 
twenty-six patients reviewed at 3 years (77%) had lost more 
than 50% of their excess weight. In the Greenville Study, 
as in this study, there was uniformity in the methods used 
to construct both the proximal gastric pouches and the 
anastomoses. Therefore it is tempting to speculate that 
the superiority of the gastric bypass is related to distal 
gastric and duodenal exclusion. It may be that the gastric 
bypass operation contains the benefits of a gastroplasty 
plus the added advantages of maldigestion associated with 
bypassing the upper gut. The possible mechanisms are a 
decreased carbohydrate absorption resulting from duo- 
denal exclusion,** an earlier onset of satiety, and the de- 


TABLE 6. Assessment of Outcome 3 Years Afier Bariatric Surgery 


Gastroplasty 
Outcome Event {n = 106) 
% Excess Weight Lost 
> 100 1 (1%) 
>90 3 (3%) 
>80 10 (9%) 
>70 23 (22%) 
>60 33 (31%) 
>50 47 (44%) 
>40 52 (49%) 
>30 66 (62%) 
>20 76 (72%) 
>10 78 (74%) 
>0 80 (75%) 
£0 80 (75%) 
Patients not Weighed 
Lost to follow-up 7 
Revisional surgery 10 
Reversal-.surgery 5 
Dead 0 
Pregnant 4 
Successful outcome* 51 (48.1%) 


* X? = 52.2, d.f. = 2. p < 0.001 (success is more than 50% loss of excess weight or pregnancy). 


Gastrogastrostomy Gastric Bypass 
(n = 105) (n = 99) 
0 (0%) 2 (2%) 
0 (0%) 6 (6%) 
2 (2%) 15 (15%) 
2 (2%) 36 (36%) 
11 (10%) 53 (54%) 
17 (16%) 65 (66%) 
30 (29%) 75 (76%) 
40 (38%) 82 (83%) 
51 (49%) 84 (85%) 
60 (57%) 85 (86%) 
65 (62%) 85 (86%) 
67 (64%) 85 (86%) 
16 5 
20 4 
l 2 
0 2 
l | 
18 (17.1%) 66 (66.7%) 
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velopment of an aversion to foods containing high car- 
bohydrate loads because of the dumping syndrome.?”** 

The vertical banded gastroplasty*! was introduced after 
the commencement of our study. Sugerman and 
associates? have compared the vertical banded gastro- 
plasty with a gastric bypass procedure in a randomized 
trial. Entry into this trial ceased after 40 patients had been 
evaluated because of a statistically significant weight loss 
pattern in favor of the gastric bypass group. The average 
amount of excess weight lost at 3 years was 64% for the 
gastric bypass compared with 37% for the vertical banded 
gastroplasty. In addition these investigators compared the 
performance of “sweets eaters” with “nonsweets eaters”. 
The subgroup analysis suggested that vertical banded gas- 
troplasty may have a role in management of patients who 
are not addicted to sweets. In addition it should be noted 
that the patients who received a vertical banded gastro- 
plasty in the study by Sugerman et al.** lost less weight 
than did patients in a longitudinal study conducted by 
Deitel et al,” Le., an average loss of excess weight at | 
year of 43% versus 68%. Besides avoiding the dumping 
syndrome, vertical banded gastroplasty is less likely to 
result in malnutrition than is a gastric bypass.** A later 
study by Sugerman et al.*° found that patients who were 
not addicted to sweets lost more weight after gastric bypass 
than after vertical banded gastroplasty. There is an evident 
need for a long-term comparative study of these two op- 
erations that incorporates large numbers of patients. 

In this clinical trial, we evaluated groups of patients 
who were twice their ideal weight, had made vigorous 
attempts to lose weight by more conservative means, and 
were afflicted by a range of obesity-related comorbid con- 
ditions. We included 160% of ideal weight as a minimum 
entry criteria so that the study would include the full range 
of patients who are referred for bariatric surgery. Close 
contact with the patients was promoted by issuing an in- 
formation booklet before entry into the study, having a 
nurse visit the patients at home during the immediate 
postoperative period and at yearly intervals thereafter, and 
promoting the use of the telephone as a medium for 
counseling throughout the period of review. These inter- 
actions aided patient compliance with the follow-up reg- 
imen and, after 3 years, 91% of patients had been suc- 
cessfully reviewed. 

A blocked stratification technique was used to ran- 
domize patients into groups at the time of entry into the 
study. This ensured that there was an unbiased allocation 
of patients into the groups under study and resulted in 
an equal dispersion of putative risk factors relating to bar- 
iatric surgery. Potentially one of the greatest confounding 
influences that may affect the outcome of bariatric surgery 
is the surgeon, not only because surgeons differ in their 
operative skills but also because surgeons vary in their 
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interpersonal communication techniques and this may 
influence long-term weight loss by behavioral modifica- 
tion. We have recognized the possibility of confounding 
factors relating to the surgeon by including a cell relating 
to the surgeon in the blocked stratification technique, thus 
insuring that all of the surgeons were familiar with each 
of the operations before the commencement of the study, 
and holding regular meetings to insure that the protocol 
for the operative procedures was adhered to during the 
entire period of patient accrual. 

There are variations in the way that authors express 
the extent of weight loss after bariatric surgery. The results 
of our study are valid regardless of the expression that is 
used to record weight loss, i.e., loss of percentage ideal 
weight, loss of absolute body weight, or percentage excess 
weight lost. We have chosen to use the latter because it 
provides a standardized expression of weight loss, and w2 
have adopted the 50% level recommended by Reinhold?! 
as the criterion of a good result. However, because the 
criteria used to define success are both subjective and ar- 
bitrary, we declared the percentage excess weight lost using 
a complete range of criterion levels. Raising or lowering 
this figure would have altered the total number of patients 
classified as successes but would not have influenced any 
relative comparison of the three operations. 

Factors other than the recorded weight of patients were 
considered when determining the success rate. The need 
for revisional surgery has been classified as a treatment 
failure, although it is recognized that after an additional 
operation the patient may indeed have a good weight loss 
record. Nevertheless, for the purposes of this study, we 
have regarded any form of revisional or reversal surgery 
as an indication of failure of the initial bariatric operation. 
Loss to follow-up precludes objective statements, but it 
is interesting that there is an inverse correlation when 
extent of weight loss is compared with loss to follow-up 
or the incidence of revisional surgery. Also, although there 
is no Obvious relationship between the original choice of 
operation and both of the deaths that occurred during the 
review, we prospectively decided that all deaths should 
be regarded as treatment failures. With regard to patients 
who were pregnant at the time of assessment, we believe 
that this indicates a favorable event and have classified 
such patients as having a successful outcome for that study 
period. Patients who had conceived during the previous 
3 years were assessed on their current weight. 

There is unequivocal evidence that weight loss after 
ba) iatric surgery has a beneficial effect on obesity-related 
cornorbidity.°*! Patients with hypertension, diabetes 
mellitus, asthma, or an arthropathy have a greater than 
50% chance of being free of medication 3 years after bar- 
iatric surgery. An additional finding relates to fertility. 
The high incidence of fertility is one pleasing aspect of 
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weight reduction that has not achieved prominence in the 
surgical literature. In this study 10% of the women under 
40 years of age became pregnant within 3 years of bariatric 
surgery. 

There are also penalties associated with bariatric sur- 
gery. Like other investigators, we observed a high inci- 
dence of subsequent obesity-related operations for revision 
or reversal of the initial procedure, the trimming of excess 
skin folds, and the management of gallstones.***? Further 
demands are created by the need for close monitoring of 
nutritional status,** the frequent requirement of upper 
gut endoscopy, and the heavy use of various counseling 
services. These factors, when combined wit’: the transient 
value of bariatric surgery for many patients, make it im- 
perative that the surgical community continues to evaluate 
the role of bariatric surgery within the structured format 
provided by long-term clinical trials.“ 

In this large randomized clinical trial that evaluated 
patients 3 years after bariatric surgery, the Roux-en-Y 
gastric bypass produced a clearly superior pattern of weight 
loss when compared with vertical gastroplasty and gas- 
trogastrostomy. At the present time, the Roux-en-Y gastric 
bypass should be regarded as the established procedure 
of choice in the surgical management of patients who are 
morbidly obese. Newer operations should be considered 
as experimental until their use has been validated in ap- 
propriately designed clinical trials that evaluate patients 
during a long period of time and include the Roux-en-Y 
gastric bypass as the control group. We intend to follow 
the patients included in this study for at least 5 years after 
their bariatric surgery. 
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Effects of Percutaneous Transhepatic 
Biliary Drainage on Blood—Bile Permeability 
and Selective IgA Transport in Patients 


with Biliary Obstructions 





GAKUJI OHSHIO, M.D., TADAO MANABE., M.D., KOICHIRO TAMURA, M.D., HIROYUKI KUDO, M.D., 


HIDEYUKI YOSHIOKA, M.D., and TAKAYOSHI TOBE, M.D. 


Biliary obstruction induces a increase in the permeability between 
blood and bile, and a decrease in the rate of immunoglobulin A 
(IgA) transport into bile. We investigated the effects of percu- 
taneous transhepatic biliary drainage (PTBD) on these derange- 
ments. PTBD reduced the extent of elevation of the bile-to-serum 
ratio of Immunoglobulin G (IgG; IgG-BS ratio) in patients with 
obstructive jaundice. Because IgG is known to be passively 
transported from serum to bile, the results indicate that PT BD 
restores the blood-bile barrier function. The IgA-BS ratio/IgG- 
BS ratio index (gA/IgG index) and the IgM/IgG index, which 
indicated the function of selective transport cf IgA and IgM into 
bile, initially decreased and then returned to the normal range 
17 days after PTBD in patients who experienced a rapid reso- 
lution of hyperbilirubinemia. However these indices remained 
low in patients who did not experience this resolution. The serum 
secretory IgA levels in patients who did not experienced rapid 
resolution of hyperbilirubinemia markedly increased before 
PTBD. The serum secretory IgA levels in the patients who did 
and those who did not experience rapid resolution of hyperbili- 
rubinemia, after initially increasing, decreased after PTBD. 
However the level returned to the control range only in patients 
who experienced a rapid resolution. These results indicate that 
the secretory IgA level is a sensitive indicator of hepatobiliary 
function, and measurement of the level of secretory IgA could 
predict the effect of PTBD. 


have many adverse effects on liver, cardiovascular, 

renal, and immunologic functions. Biliary ob- 
struction induces morphologic disruption in the tight 
junction,! increased permeability between blood and bile, 
and destruction of the blood—bile (car.aliculosinusoidal) 
barrier function.” 

In rats ligation of the biliary tract induces elevation of 
serum levels of immunoglobulin A (IgA) and of secretory 
components.’ Kloppel et al.* have reported that IgA 
transport into bile is depressed after temporary bile duct 
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clamping. In humans obstructive jaundice is known to 
elevate serum levels of IgA, secretory IgA, and IgA-con- 
taining circulating immune complexes.” However the 
function of selective IgA transport into bile after de- 
compression is unknown. In this communication we ob- 
served that the function of selective IgA transport into 
bile was recovered only in the patients who experienced 
rapid resolution of hyperbilirubinemia after percutaneous 
transhepatic biliary drainage (PTBD), whereas in all of 
the patients PT BD reduced the degree of blood—bile per- 
meability elevation. In addition we found that serum se- 
cretory IgA level was a good marker of hepatobiliary 

function. 


Patients and Methods 
Patients and Samples 


From 43 patients undergoing PTBD before surgery for 
biliary obstruction due to biliary tract stones (n = 2) or 
to tumors of the biliary tract or of the pancreas (n = 41), 
78 samples of serum and/or hepatic bile were obtained. 
The catheter was placed properly and continuous bile flow 
was observed in all patients. Patients with acute cholangitis 
or other complications were excluded from this study. 

The patients with obstructive jaundice were divided 
into three groups. Group A: total serum bilirubin of more 
than 10 mg/dL before PTBD and less than 5 mg/dL 20 
days after PTBD (n = 21); group B: total serum bilirubin 
of more than 10 mg/dL before PTBD and more than 5 
mg/dL 20 days after PTBD (n = 15); and group C: total 
serum bilirubin of less than 10 mg/dL before PTBD (n 
= 7), 

There were no significant difference in the levels of total 
serum bilirubin or of glutamic oxaloacetic transaminase ` 
(GOT) between group A and B before PTBD (Table 1). 
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A control group of patients, each of whom underwent a 
cholecystectomy and T-tube drainage (n = 8) at least Í i 
days earlier, were also studied. All the samples were col- 
lected in the morning after an overnight fast and stored 

—70 C until analysis.. The study was carried out in 
accordance with the Helsinki Declaration. 


Measurement of IgA, IgG, and igM Concentrations in 
Serum and Bile 


The concentrations of IgA, immunoglobulin G (IgG), 
and immunoglobulin M (IgM) were measured by enzyme- 
immunoassays (MBL, Nagoya, Japan), as reported ear- 
lier.” To samples diluted with phosphate-buffered saline 
(PBS) were added anti-human IgA, IgG, and IgM anti- 
bodies, which adhered to polystyrene beads in microtubes. 
These combinations were incubated for 3 hours at 37 C. 
After washing with PBS, 6-D-galactosidase-conjugated 
anti-human IgA, IgG, and IgM antibodies-were added to 
the tubes, incubated for 2 hours at 37 C, and washed 
again. A substrate (O-nitrophenyl-8-D-galactopyranoside) 
was then added to the tubes. After incubation for about 
18 hours at 37 C, the optical density (OD) was measured 
at 420 nm. The specificity of these assays was confirmed 
using purified IgA, IgG, and IgM (Cappel, Malvern, PA). 

The concentrations of IgG in bile was expressed as the 
bile-to-serum (BS) ratio. To compare different proteins, 
the concentrations of IgA and IgM in the bile were ex- 
pressed as the index of the bile-to-serum ratio of the re- 
spective immunoglobulin (BS ratio) to the BS ratio of IgG 
(IgA or IgM-BS ratio/IgG-BS ratio). 


Measurement of Secretory IgA Levels in Serum 


An enzyme immunoassay for secretory IgA (MBL) was 
used and has been reported earlier.’ Diluted samples were 
reacted with goat anti-human free secretory component 
antibodies, which adhered to polystyrene beads in micro- 
tubes, for 1 hour at 37 C. After washing, peroxidase-con- 
jugated F(ab, goat anti-human IgA antibodies were added 
to the tubes and then incubated for 1 hour at 37 C. After 
washing, a substrate (0-phenylenediamine in 0.1 M phos- 


£ 


TABLE |. The Levels of Total Serum Bilirubin and GOT Before PTBD 


Group Total Serum Bilirubin (mg/dL) GOT (IU) 
Group A 15.6 + 1.2 138 + 26 
Group B 79+ 11 101 + 15 
Group C 12 +04 - 192 + 82 


Group A: Total serum bilirubin more than 10 mg/dL before PTBD 
and <5 mg/dL 20 days after PTBD. 

Group B: Total serum bilirubin more than 10 mg/dL before PTBD 
and >5 mg/dL 20 days after PTBD. 

Group C: Tota] serum bilirubin less than 10 mg/dL before PTBD. 

There was no significant difference between group A and group B 
(mean + SEM). 
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IgG Bile to Serum ratio 





Over 17 Control 


3-9 10-16 
Days After PTBD 


Fic. 1. The changes of the IgG bile-to-serum (BS) ratio of group A (open 
circle: patients who experienced a rapid resolution of hyperbilirubinemia), 
group B (closed circle: patients who did not experience a rapid resolution 
of hyperbilirubinemia), group C (open triangle: total serum bilirubin 
< 10 mg/dL before PTBD), and the control group (vertical line). *grour: 
B > group A and control, p < 0.01. **group A or B > control, p < 0.05. 
There is no significant difference between group C and the control group. 


phate buffer, pH 6.0, containing 0.03% hydrogen perox- 
ide) was added to the tubes. After further incubation for 
| hour at room temperature, the optical density was mea- 
sured at 492 nm. The specificity of these antibodies was 
confirmed using purified secretory. IgA, IgA free of secre- 
tory component, and free secretory component (Cappel 
and MBL). 


Statistical Analysis 


Results were expressed as the mean + standard error 
(SEM). Statistical analysis was performed by Wilcoxon’s 
rank sum test,® and probability values (p values) less than 
0.05 were considered significant. 


Results 


The BS ratio of IgG (IgG-BS ratio) in group A (rapid 
decrease in the total serum bilirubin level after PTBD) 
was high during the period between day 3.and day 9 but 
decreased to control levels during the period between day 
10 and day 16 after PTBD (Fig. |). In group B (no decrease 
in the total serum bilirubin level to less than 5 mg/dL), 
the ratio was markedly high during the period between 
day 3 and day 9 and also decreased but over a longer 
period of time. There were no significant difference in 
serum levels of IgA, IgG, and IgM between group A and 
B (Table 2). There was no significant difference between 
the IgG-BS ratio of group C (total serum bilirubin less 
than 10 mg/dL before PTBD) and that of the control 
group. Because it is known that IgG is passively trans- 
ported from serum to bile,”!° the results indicate that the 
permeability increases in patients with obstructive jaun- 
dice and that these derangements are not due to artificial 
contaminations. PTBD reduces the degree of blood—bile 


TABLE 2. The Levels of IgA, IgG, and IgM in Serum and Bile After PTBD 
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Serum (mg/dL) 
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Bile (mg/dL) 
Group IgA IgG 

Group A 

3 to 9 days GTE 54 24.0+ 8.2 

10 to 16 days 99+ 19 G1 ce: (1,87 

More than 17 days 12.3 + 25 EI 22 
Group B 

3 to 9 days 48.7 + 17.6 97.9 + 40.3 

10 to 16 days 45.1 + 23.9 50.8 + 31.2 

More than 17 days 10.8 + 3.8* 117 £ 4.6* 
Group C 

3 to 9 days 4.14 4.1 Tels: 22 


Group A: Total serum bilirubin more than 10 mg/dL before PTBD 
and less than 5 mg/dL 20 days after PTBD. 

Group B: Total serum bilirubin more than 10 mg/dL. before PTBD 
and more than 5 mg/dL 20 days after PTBD. 

Group C: Total serum bilirubin less than 10 mg/dL before PTBD. 


permeability elevation in both the patients who experi- 
enced a rapid decrease of total serum bilirubin and those 
who did not. 

The changes of the IgA/IgG index (IgA-BS ratio/IgG- 
BS ratio) are shown in Figure 2. The IgA/IgG index of 
group A was slightly low during the period between day 
3 and day 9 and increased to the normal range during the 
period between day 10 and day 16 after PTBD. On the 
contrary, the IgA/IgG index of group B was markedly low 
during the period between day 3 and dav 9 and remained 
low even when measured 17 days after PTBD. 

The changes of the IgM/IgG index are shown in Figure 
3. The index of group B was also found to be low during 
the period between day 3 and day 9, and significantly 
lower than that of group A 17 days after PTBD. These 
results indicate that the ability to selectively transport IgA 
and IgM into bile was recovered only in those who ex- 


IgA-BS ratio/IgG-BS ratio 





Over 17 Control 


3-9 10-16 
Days After PTED 


FiG. 2. The changes of the IgA/IgG index (IgA-BS ratio/IgG-BS ratio) 
of group A (open circle: patients who experienced a rapid resolution of 
hyperbilirubinemia), group B (closed circle: patients who did not expe- 
rience a rapid resolution of hyperbilirubinemia), and the control group 
(vertical ime). *group B < control, p < 0.05. **group B < group A and 
control, p < 0.01. 


IgA IgG IgM 
9.7442 609 + 102 2417 + 233 169 + 18 
4541.1 546+ 114 2555 + 330 179+ 14 
3.3 + 0.9* 561+ 74 2439 + 309 152421 
13.3449 602+ 97 2282 + 363 237 + 65 
3.6 + 0.9% 642 + 128 2374 + 417 225 + 39 
3.2 + 1.0* 662 + 146 1896 + 159 196 + 53 
6.8 + 3.4 720 + 104 2426 + 325 139+ 41 


Control: More than 11 days after cholecystectomy and T-tube drainage. 

* Significant difference between values at 10 to 16 days or more than 
{7 days and that at 3 to 9 days (p < 0.05). There was no significant ` 
differences in serum immunoglobulin levels among groups A, B, and C 
(mean + SEM). 


perienced a rapid resolution of hyperbilirubinemia after 
PTBD. 

The serum secretory IgA level before PTBD was sig- 
nificantly higher in group B than in group A (Fig. 4). The 
serum secretory IgA level in group A decreased to the 
control range after 17 days. In group B it decreased slightly 
after PTBD; however the level remained high even after 
17 days. 


Discussion 


IgA and IgM are selectively transported into bile,!!"!” 


whereas most other proteins (i.¢., IgG and albumin) in 
bile are derived from circulating plasma by molecular 
weight-dependent passive transport.”:!° We have reported 
that a increased BS ratio of IgG or albumin indicates an 
increase in permeability between blood and bile and a 


IgM-8S ratio/IgG-BS ratio 





Over 17 Control 


Days After PTBD 


3-9 10—16 


Fic. 3. The changes of the IgM/IgG index (IgM-BS ratio/lgG-BS ratio) 
of group A (open circle: patients who experienced a rapid resolution of 
hyperbilirubinemia), group B (closed circle: patients who did not expe- 
rience a rapid resolution of hyperbilirubinemia), and the control group 
(vertical line). *group B < control, p < 0.05. **group B < group A, p 
< 0.05. 
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(g/ml) 
400; 


300 


200 


Serum Secretory IgA 


100 





Before 3-9 
Days After PTBD 


10-16 Over 17 Control 


Fic. 4. The changes in serum secretory IgA levels of group A (open 
circle: patients who experienced a rapid resolution of hyperbilirubinemia), 
group B (closed circle: patients who did not experience rapid resolution 
of hyperbilirukinemia), and the control group (vertical line). *group B 
> group A, p < 0.05 and group B > control, p <0.01. **group A > con- 
trol, p < 0.05. 


deterioration of the blood—bile barrier function in patients 
with biliary obstruction.” Tight junctions between hepa- 
tocytes have been recognized as the only structures re- 
sponsible for the barrier between blood and the lumen of 
the bile canaliculus. Robenek et al.! have reported that 
extrahepatic biliary obstruction causes decontinuities in 
the junctional meshwork that provide a direct pathway 
between the lumen of the bile canaliculus and the inter- 
cellular space. . 

Our results showed that PTBD reduced the degree of 
blood-bile permeability elevation in patients with ob- 
structive jaundice, although the time requirements were 
different for each group. Thus PTBD restores the function 
of the tight junction in patients with obstructive jaundice. 
Endotoxemia is one of the most common causes of com- 
plications and multiple-organ failure before and after an 
operation on patients with biliary obstruction. The levels 
of endotoxin in patients with gram-negative bacteria in 
bile show a greater increase than do those in patients with 
sterile cultures, and the destraction of the blood-bile bar- 
rier function might be a cause of endotoxemia.!? The re- 
covery of the blood-bile barrier function may have clinical 
significance, 

The ability to selectively transport IgA and IgM into 
bile was recovered in those patients who. experienced a 
rapid resolution of hyperbilirubinemia after PTBD but 
not in those patients whose total serum bilirubin level did 
not decrease to less than 5 mg/dL. There was no difference 
in serum immunoglobulin levels between these two 
groups. Serum immunoglobulins are one source of biliary 
IgA and IgM.”"'! The cause of the failure to recover the 
ability to selectively transport is not due to the decreased 
levels of serum immunoglobulins. 

The serum secretory IgA level before PTBD was sig- 
nificantly higher in those patients whose total serum bil- 
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irubin level did not decrease to less than 5 mg/dL than 
in patients who experienced a rapid resolution of hyper- 
bilirubinemia. The serum secretory IgA level decreased 
Initially after PTBD in both groups but returned to the 
control range only in patients who experienced a rapid 
resolution of hyperbilirubinemia. The increased level of 
serum secretory IgA found in conjuction with liver dis- 
eases is considered to be due to a reflux of secretory IgA 
and free secretory component from bile to serum and/or 
a direct release of free secretory component from hepa- 
tobiliary tissue.'* The decrease in the serum secretory IgA 
level after PTBD may be due to a restoration of the func- 
tion of the tight junction and decreased amount of reflux 
of secretory IgA and secretory component from bile to 
serum. Secretory IgA levels in patients who did not ex- 
perience a rapid resolution of hyperbilirubinemia still re- 
mained high even at 17 days, while the permeability be- 
tween serum and bile returned to the normal range. The 
cause of the increased secretory IgA levels in these patients 
is stil] unknown and needs further investigation. 

It has been reported that PTBD improves liver, renal, 
and immunologic. function and decreases the operative 
mortality rate in obstructive jaundice cases. '°~'’ However 
a high drainage-related complication rate is also re- 
ported.'*"!? We have shown that the serum secretory IgA 
level is a sensitive indicator of hepatobiliary function and 
that the secretory IgA level before PTBD is related to the 
effect of PTBD. Measurement of the level of serum se- 
cretory IgA could predict the effect of PTBD. 
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The Increasing Prevalence of Acalculous 
Cholecystitis in Outpatients 


Results of a 7-Year Study 





PAUL E. SAVOCA, M.D., WALTER E. LONGO, M.D., KARL A. ZUCKER, M.D., 


Acute acalculous cholecystitis (AAC) is a disease that causes 
high rates of morbidity such as those traditionally observed in 
the critically ill. Recently we noted an increase in the de noyo 
` presentation of outpatients with this disease. Our aim was to 
characterize this disease in outpatients, identify risk factors, and 
assess clinical outcome. Therefore a 7-year review of the Yale 


experience with AAC was undertaken. Forty-seven patients were | 


identified. Seventy-seven per cent (36 of 47 patients) developed 
AAC at home without evidence of acute illness or trauma, while 
23% (11 of 47 patients) developed the disease while hospitalized. 
Significant vascular disease was observed in 72% of outpatients. 
A 38% morbidity rate and 6% mortality rate were observed. We 
conclude that AAC occurs commonly in elderly male outpatients 
with vascular disease and that these patients incur significant 
morbidity in association with this condition. AAC should be sus- 
pected and prompt surgical management instituted when these 
patients present with an acute right upper quadrant inflammatory 
process. 


CUTE ACALCULOUS CHOLECYSTITIS is a well- 

characterized clinical condition comprising be- 

tween 2% and 12% of all cases of acute chole- 
cystitis.'” It has been reported to occur most commonly 
in the setting of major trauma, burns, sepsis, in childhood 
and as a postoperative complication for surgery unrelated 
to the biliary tree. Most recently it has been documented 
as a complication of hyperalimentation,’ the acquired 
immune deficiency syndrome,’ and as a possible antibiotic 
hypersensitivity reaction.” In comparison to ordinary 
acute cholecystitis. the acalculous variety has a higher 
likelihood of gangrene and perforation as well as signifi- 
cantly higher morbidity and mortality rates. Reported 
mortality rates have varied from 6% to as high as 67%, 
whereas mortality from ordinary acute cholecystitis is ap- 
proximately 3%.° This disease therefore poses a significant 
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challenge to the surgeon and is of undeniable significance 
in the context of biliary disease as a whole. 

The first case of acute acalculous cholecystitis was re- 
ported by Duncan in 1844 in a patient who developed 
the disease after femoral bernia repair.” Few cases were 
reported in the subsequent century, many of which were 
caused by congenital anomalies such as kinking or fibrosis 
of the cystic duct as well as other less common etiologies 
such as polyarteritis nodosa or infection.’ The disease 
reportedly increased in prevalence in the second half of 
the 20th century and gained wide notoriety when Lindberg 
reported 12 Vietnam War casualties who developed acal- 
culous cholecystitis. 1? This prompted a review by Glenn!! 
that clearly documented the increased morbidity and 
mortality rates associated with this condition. Further- 
more they established a number of predisposing condi- 
tions such as trauma, previous surgery, sepsis, the post- 
partum state obesity, and cardiovascular disease. 

Although previous reports have consisted almost ex- 
clusively of critically ill ICU patients, we have observed 
the de novo presentation of acute acalculous cholecystitis 
in an increasing number of patients in the absence of 
acute illness or traumatic injury. These have occurred 
mainly in elderly male outpatients. Of particular signifi- 
cance was the'obvious presence of concomitant athero- 
sclerotic vascular disease. 

The aim of the present investigation is threefold: first 
to examine the prevalence of AAC in nonhospitalized 
patients; second to identify associated risk factors that 
might predispose to development of the disease; and third 
to assess the clinical course and outcome of patients iden- 
tified as suffering from acute acalculous cholecystitis. 
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Materials and Methods - 


The hospital and pathologic records of all patients with 
acute acalculous cholecystitis within the Yale-affiliated 
hospital system (Yale-New Haven Hospital, the West 
Haven Veterans Administration Medical Center, and 


Bridgeport Hospital) from January 1, 1981 to December ` 


31, 1987 were reviewed. Patients were considered to have 
acute acalculous cholecystitis if all radiologic imaging 
studies failed to demonstrate stones or sludge, no stones 
were noted during operation by the surgeon, and post- 
operative pathologic examination confirmed the diagnosis 
of acute cholecystitis in the absence of biliary calculi. Pa- 
tients with previous abdominal complaints suggestive of 
biliary colic or chronic cholecystitis were excluded. 


. Results 
Patient Population 


A total of 2346 patients with acute cholecystitis were 
` treated at the three hospitals from January 1, 1981 to 
December 31, 1987. Forty-seven patients (2%) fulfilled 
the criteria for the diagnosis of acute acalculous chole- 
cystitis. Patients ranged from 27 to 89 years of age (mean, 
65.5 years). There were 36 men and 11 women for a 3.3: 
1 male-to-female ratio. | 


Development of Disease 


Thirty-six patients (77%) developed acute acalculous 
cholecystitis.as outpatients (Fig. 1). Eleven patients (23%) 
developed their disease in the hospital, of which seven 
(15%) were in the intensive care unit and four (8%) were 
on the hospital wards. Of the 11 hospitalized patients, 6 
developed the disease in the postoperative phase of surgery 
unrelated to the biliary tree, 3 patients suffered traumatic 
injuries, 1 patient suffered an acute myocardial infarction, 
and 1 woman developed the disease 3 weeks postpartum. 
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FiG. 1. Development of disease in 47 patients with acute acalculous 
~- cholecystitis. 
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TABLE |. Presenting Signs and Symptoms in 47 Patients with Acute 
Acalculous Cholecystitis 


Symptoms/Signs Percentage 

Abdominal Pain 

Right upper quadrant 83 

Epigastric 9 

Diffuse 9 
Fever 55 
Leukocytosis 96 
Jaundice 4 
Nausea and vomiting 6 
Septic shock 4 


Presenting Signs and Symptoms 


Right upper quadrant pain was the most common 
symptom in both groups and occurred in 83% of the pa- 
tients (Table 1). This was accompanied by fever in 55%. 
Less common presentations included diffuse abdominal 
pain, epigastric pain, and nausea and vomiting. Uncom- 
mon presentations observed only in outpatients included 
septic shock (4%) and jaundice (4%). 


Diagnostic Modalities 


Thirty-six patients underwent hepatoiminodiacetic acid 
(HIDA) scanning, of which 35 (97%) were positive (Table 
2). Of the 18 patients who underwent abdominal ultra- 
sound, only 5 (28%) had evidence of acute cholecystitis 
and three of the four patients who underwent CT scan 
had evidence of cholecystitis. Five patients who were op- 
erated on for peritonitis had the diagnosis made solely on 
operative findings. In these patients preoperative diagnoses 
included acute appendicitis (2), ruptured abdominal aortic 
aneurysm (1), and sepsis of unknown etiology (2). The 
average diagnostic delay observed (defined as the time 
elapsed between the stated onset of symptoms and time 
of diagnosis) was 36.9 + 5.1 hours. Twenty-one patients 
(45%) were admitted with a diagnosis other than chole- 
cystitis. 


Coexisting Morbidity 


Thirty-nine patients (82%) were known to have under- 
lying major medical problems (Table 3). Of those who 
developed their disease at home, 72% had atherosclerotic 
vascular disease, including hypertension (57%), symp- 


TABLE 2. Accuracy of Diagnostic Modalities Used in 47 Patients with 
Acute Acalculous Cholecystitis 


Examination No. of Patients % Accuracy 
HIDA scan 36 97 
Ultrasound 18 28 
CT scan 3 13 
Laparotomy 5 100 
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TABLE 3. Atherosclerotic Vascular Disease in 36 Outpatients with 
Acute Acalculous Cholecystitis 


Medical Problem No. of Patients Percentage 
Hypertension 20 56 
Angina/myocardial infarction 11 31 
Congestive heart failure 2 6 
Peripheral vascular disease 3 8 
Cerebrovascular disease 3 8 
Diabetes 6 15 


tomatic coronary artery disease or previous myocardial 
infarction (31%), cerebral or peripheral vascular disease 
(8%), and diabetes (15%). Alcoholic liver disease and 
chronic obstructive pulmonary disease were observed in 
15%, and 4% had peptic ulcer disease. 


Treatment 


Cholecystectomy was performed in 42 patients (89%), 
while cholecystostomy was performed in five patients 
(11%). All cholecystectomy specimens had gross and mi- 
croscopic evidence of acute cholecystitis with no stones 
‘present. Gangrene was noted in 13 (28%) operative spec- 
imens. 


Morbidity and Mortality 


Eighteen patients (38%) developed a total of 24 com- 
plications (Table 4). The incidence was slightly higher in 
outpatients (41%). Major complications were most com- 
monly cardiopulmonary or septic in nature. Three pa- 
tients died, two due to myocardial infarction and the other 
due to sepsis. All three were critically ill inpatients. 


Discussion 


In this study we have documented that the majority of 
patients who developed acute acalculous cholecystitis over 
a 7-year period were outpatients rather than critically ill 
inpatients, as previously reported. Seventy-two per cent 
had significant atherosclerotic vascular disease, including 
symptomatic coronary artery disease, cerebral or periph- 
eral atherosclerosis, and diabetes mellitus. Alcoholic liver 
disease and chronic obstructive pulmonary disease were 
also commonly observed. As might be predicted, the most 
common presentation was that of right upper quadrant 
pain, fever, and leukocytosis. HIDA scan was the most 
reliable diagnostic modality. All patients were treated sur- 
gically and a 38% morbidity rate and 6% mortality rate 
were observed. 

The age at onset and sex distribution of patients with 
acalculous cholecystitis is markedly different than those 
of patients with ordinary acute cholecystitis. While cal- 
culous gallbladder disease is most common in the fourth 
and fifth decades; 242 patients with acalculous cholecys- 
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titis from the literature had an average age of 64.3 
years.” !%>!? In this respect the Yale series correlates with 
other series with an average age of 65.5 years. 

Although calculous gallbladder disease is much more 
common in women than in men, most major series of 
patients with acalculous cholecystitis have revealed a male 
predominance. Glenn’! noted a male-to-female ratio of 
1.5:1, Johnson’ noted a 2.6:1 ratio among his patients, 
and although Fox’ noted an equal prevalence in both 
sexes, no study as yet has noted a female predominance. 
The present series concurs with these findings with a 3.3: 
1 male-to-female ratio. However this ratio may be skewed 
because approximately 30% of patients in this study were 
from the Veteran’s Administration Medical Center, an 
almost exclusively male population. Among patients from 
the two other hospitals in this study, a male-to-female 
ratio of 2.8:1 was observed. 

In no series published to date have a significant number 
of relatively healthy outpatients developed acute acalcu- 
lous cholecystitis. However 77% of patients with this dis- 
ease reported here presented de novo without any of the 
generally accepted prodromal conditions. Eighty-three per 
cent of our patients had significant underlying medical 
problems and 72% had evidence of underlying vascular 
disease. Although several large series have observed that 
acute acalculous cholecystitis occurs in medically com- 
promised patients, this series reports the highest percent- 
age observed thus far.* Cardiovascular disease in particular 
was noted by Glenn’! in 50% of the patients in his original 
series. 

Recently several authors have postulated a role for gall- 
bladder ischemia in the pathogenesis of this disease. This 
may be secondary to shock from hypovolemia and/or 
sepsis. Visceral vasoconstriction due to increased sym- 


TABLE 4. Complications in 47 Patients with Acute 
Acaiculous Cholecystitis 


Complication Number 
Major complications 
Myocardial infarction 
Sepsis 
Pneumonia/ARDS 
Arrhythmias 
Heart failure 
Deep vein thrombosis 
Dehiscence 
Pancreatitis 
Intra-abdominal abscess 
Total 
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Minor complications 
Urinary tract infection 
Wound infection 
Ileus 
Mental status changes 

Total 
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pathetic tone characteristic of the postoperative state or 
from administration of inotropic drugs may further ex- 
acerbate this ischemia. By analogy with stress gastritis and 
mesenteric ischemia, the resultant reduction in gallbladder 
blood flow may render the mucosa more susceptible to 
the noxious effects of bile and therebv further predispose 
to the development of cholecystitis. This theory is sup- 
ported by experimental evidence as well. Using an in vivo 
canine model, Dillon et al. demonstrated that inhalation 
of the constituents of cigarette smoke condensate (tar) 
resulted in the prompt development of acute acalculous 
cholecystitis and pneumonitis with thrombus formation 
in pulmonary vessels. 

Virtually every series of patients with acalculous cho- 
lecystitis has documented that the majority of patients 
present with nght upper quadrant pain, fever, and leu- 
kocytosis. However these findings may be masked in 
postoperative or post-traumatic patients who are intu- 
bated, neurologically impaired, or heavily sedated. The 
diagnosis may thus be difficult and contribute to the di- 
agnostic and therapeutic delay. In the series reported here, 
83% suffered right upper quadrant pain, 55% had fever, 
and all had leukocytosis greater than 10,000/mm_°. Despite 
this 45% of patients were admitted with a diagnosis other 
than acute cholecystitis. There was no significant differ- 
ence between inpatients and outpatients with respect to 
presentation. 

The diagnostic delay associated with identification of 
patients with acalculous cholecystitis may be significant 
and has been implicated in the increased incidence of 
gangrene, empyema, and perforation that has been ob- 
served. Johnson” found that 40% of patients who under- 
went operation more than 48 hours after the onset of 
symptoms suffered gallbladder perforation. Conversely 
only 8% of patients managed without delay in surgical 
treatment had perforations. However other studies have 
not corroborated this finding. Fox noted twice the inci- 
dence of gallbladder gangrene in patients who were op- 
erated on immediately after resuscitation, while Long, 
observed no higher incidence of gangrene despite an av- 
erage diagnostic delay of 3 weeks in patients with post- 
traumatic acalculous cholecystitis.'4* From these studies 
it appears probable that diagnostic delay is not the only 
factor responsible for the development of gallbladder gan- 
grene in these patients. The average diagnostic delay in 
the series reported here was 36.9 + 5.1 hours and 28% 
were noted to have gangrenous gallbladders. 

The diagnostic modality of choice in patients with or- 
dinary acute cholecystitis is hepatobiliary scanning, a test 
that is both highly sensitive (95% to 100%) and specific 
(81% to 100%).'>'® It has also been used with success in 
patients with acalculous cholecystitis, in which reported 
sensitivities range from 68% to 100%.'""'? However, if 
false positive results are included, the actual sensitivities 
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may be as low as 38%. A factor contributing to this may 
be the observation that approximately one third of patients 
without clinical evidence of acute cholecystitis who are 
fasting and receiving total parenteral nutrition will have 
false-positive hepatobiliary scans.” In these patients ul- 
trasonography may be useful if the gallbladder wall is 
thickened (= 4mm) and subserosal edema or perichole- 
cystic fluid is present.2! Computed tomographic scanning 
may also be a useful diagnostic aid, and recently 
'lIndium-labeled leukocytes have also been used with 
some success.”* In the Yale series, 97% of patients had 
positive scans and false positives were not recorded. Ul- 
trasound was positive in 48% of the 18 patients in whom 
it was used and in three of four patients CT scan was 
required for the diagnosis. From the above it seems clear 
that hepatobiliary scanning is the diagnostic test of choice 
but in special circumstances ultrasonography and CT 
scanning may be useful diagnostic adjuncts. 

Morbidity and mortality rate in patients with ordinary. 
acute cholecystitis are remarkably low. Glenn reported a 
1.7% mortality rate in more than 4000 cholecystectomies 
performed between 1932 and 1977.7 In contrast morbid- 
ity and mortality rates for patients with acute acalculous 
cholecystitis are substantially higher. Reported mortality 
rates vary from 6.5% to 67%, with morbidity approaching 
100% in some series. ”®!4 This has been attributed by var- 
ious authors to disease virulence, host compromise, di- 
agnostic delay, and to a combination of such factors. The 
overall morbidity rate observed in this series (38%) is sim- 
ilar to that found by others, and the mortality rate of 6% 
compares quite favorably to other studies of comparable 
size. Although morbidity and mortality of this magnitude 
has come to be expected in patients with acute acalculous 
cholecystitis, the morbidity rate observed for outpatients 
in this series (41%) is significantly higher than would be 
expected for patients with ordinary acute cholecystitis. 
None of the patients in the outpatient group died as a 
result of their disease. 

The most striking finding of this review is that acute 
acalculous cholecystitis occurs with relatively high fre- 
quency in healthy male patients who are older and have 
a high incidence of atherosclerotic vascular disease. These 
patients incurred significantly higher morbidity than 
would be expected despite prompt diagnosis and surgical 
intervention. These observations must be juxtaposed with 
previous studies that, while noting a male predominance 
and older average age, have characterized acalculous cho- 
lecystitis as one observed exclusively in critically ill pa- 
tients. This report provides evidence for expanding the 
high-risk category to include elderly male patients with 
concomitant atherosclerotic vascular disease and man- 
dates aggressive surgical management of these patients 
when evidence of a right upper quadrant inflammatory 
process is present. 
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Response of Hepatic Mitochondrial 
Redox State to Oral Glucose Load 


Redox Tolerance Test as a New Predictor of Surgical Risk in Hepatectomy 





KEIICHIRO MORI, M.D., KAZUE OZAWA, M.D., YUZO YAMAMOTO, M.D., ATSUHIKO MAKI, M.D., 
YASUY.UKI SHIMAHARA, M.D., NOBUAKI KOBAYASHI, M.D., YOSHIO YAMAOKA, M.D. and KAORU KUMADA, M.D. 


The redox tolerance test introduced in this article attempts to 
quantify the deterioration of hepatic mitochondrial energy me- 
tabolism by measuring the changes in arterial ketone body ratio 
in response to .75-g oral glucose loading, and is discussed in 
relation to its predictive value for assessing surgical risk in hep- 
atectomy. The indicator, called redox tolerance index (RTI), 
represents a.100-fold cumulative enhancement of ketone body 
ratio relative to glucose level (100 X AKBR/A glucose). The 
redox telerance index was significantly different between 31 liver 
cirrhotics and 10 normal volunteers (p < 0.001). Subjects were 
divided into three classes (1: RTI 2 1.0, H: 0.5 < RTI < 1.0, 
HI: RTI < 0.5). Postoperative mortality was significantly dif- 
ferent among the three classes in 127 hepatic resections (x? 
= 9.843, p< 0.01). Of 97 hepatocellular carcinoma cases, major 
hepatic resections in class III showed significantly higher post- 
operative morbidity and mortality rates (p < 0.05 and p < 0.05, 
respectively). The present findings indicate that RTI based on 
redox theory is of potential value in predicting posthepatectomy 
outcome. 


HE ABSOLUTE CURE for liver cancer requires the 

complete resection of the tumor along with suf- 

ficient surrounding liver tissue.. An underlying 
cirrhosis, however, as in the case of hepatocellular carci- 
noma (HCC), often delimits the operation because of the 
high risk of hepatic failure followed. by multiple organ 
failure. To reduce this risk requires the accurate preop- 
erative assessment of hepatic functional reserve, which is 
a saps of great concern not only in the field of liver 
surgery’? but also in general surgery.” A number of 
methods of assessing hepatic functional reserve have been 
proposed.” !? 
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Because hepatocytes consume an enormous amount of 
energy, namely ATP, to carry out their cellular functions 
they must produce energy constantly. Our laboratory has 
proposed that the essential hepatic function is the energy 
production carried out in the hepatic mitochondria, and 
that the energy-producing capacity of mitochondria may 
be said to represent the hepatic functional reserve. Pre- 
vious experimental studies from our laboratory have 
shown that the energy metabolism in the hepatic mito- 
chondria is closely related to glucose tolerance pattern, 
and that the changes in hepatic energy charge [(ATP 
+ 0.5ADP)/(ATP + ADP + AMP)] after an oral glucose 
load are positively correlated with those in blood glucose 
levels and immunoreactive insulin levels in normal rats. '4 
Glucose intolerance, which is observed in icteric rats and 


rabbits, !5 as well as in human and other mammals after 


massive liver resection,'!® has been found to be closely 
related to the decrease in hepatic energy charge and the 
derangement of mitochondrial function.!’~*° In clinical 
application the assessment of hepatic functional reserve 
has shown that oral glucose tolerance test provides a pre- 
dictive postoperative prognosis in hepatectomized® and 
pancreatectomized”! patients. Another report from our 
laboratory has shown that the redox state of liver mito- 
chondria (NAD*/NADH), reflected by hepatic ketone 
body ratio (acetoacetate/8-hydroxybutyrate), changes in 
proportion to the blood glucose levels after an oral glucose 
load, concomitant with changes in the hepatic energy 
charge level.” In other studies, the hepatic mitochondrial 
redox state, which is reflected in the ketone body ratio 
(KBR) of arterial blood, was positively correlated with the 
hepatic energy charge level in jaundiced,” hepatecto- 
mized,**?° and shocked animals,” and the changes in 


4 
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arterial KBR were positively correlated with those of he- 
patic venous blood after hepatic artery embolization in 
cirrhotic patients with hepatocellular carcinoma.”° 

It has been observed that the arterial KBR is often 
highly decreased in the postoperative course after hepatic 
resection,” and that morbidity and mortality rates in- 
crease in accordance with the extent of decrease in arterial 
KBR.” Generally the decrease in arterial. KBR is accom- 
panied by massive systemic metabolic derangements that 
eventually result in multiple-organ failure. Because this 
metabolic regulation 1s based on the hepatic mitochondrial 
redox state, we have called our proposal the redox the- 
ory.°°?! This theory has gained wider support among re- 
searchers in surgery and critical medicine in recent 
years,*”-*4 and a recent paper reports on arterial KBR as 
a useful and beneficial indicator to diagnose the primary 
nonfunction of the graft after liver transplantation and to 
determine the necessity of retransplantation.”° 

The present study focuses on the response of the arterial 
KBR during oral glucose tolerance test (O-GTT) and in- 
troduces a new redox tolerance test as part ofa larger plan 


to establish a method of evaluating hepatic functional re-- 


serve based on the redox theory. 


Subjects and Methods 


Comparison of Responses of the Arterial Ketone Body Ra- 
tio During Oral Glucose Tolerance Test Between Normal 
Subjects and Liver Cirrhotics 


Thirty-one cirrhotic patients admitted to Kyoto Uni- 
versity Hospital were examined and their liver cirrhoses 
were confirmed histologically. The clinical status of these 
patients was stratified into class A (4), class B (19), and 
class C (8) according to Child’s classification. Patients with 
overt diabetes mellitus were excluded, hence those who 
were formerly diagnosed and treated for diabetes or 
showed high fasting glucose levels of 120 mg/dL or more 
were eliminated from this study. The patients were 24 
men and 7 women who ranged in age from 42 to 76 years, 
with a mean age of 57 years. Ten healthy volunteers, seven 
men and three women aged from 20 to 62 years old, were 
the normal controls. None of those subjects had been ad- 
ministered any drug or hormone which would affect car- 
bohydrate metabolism. — 

Under informed consent, the subjects underwent oral 
glucose tolerance test (O-GTT) followed by measurement 
of arterial KBR, which was performed as follows. After 
an overnight fast lasting at least 12 hours, each subject 
ingested 75 g of glucose in the morning. A 8-mL blood 
sample was collected either through a fine teflon catheter 
inserted into the radial artery or by individual puncture 
of the femoral artery, the choice of which was left to each 
subject, just before taking glucose and subsequently at 30, 
60, 90, and 120 minutes. To determine KBR, acetoacetate 
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and 6-hydroxybutyrate were measured enzymatically by 
the methods reported previously.*° Blood glucose level 
was determined by the o-toluidine method?” and immu- 
noreactive insulin (IRI) by radioimmunoassay.*® Serum- 
free fatty acids were measured by a standard colorimetric 
method.” | . 

Calculations. To quantify the response of arterial KBR 
to O-GTT, because both blood glucose level and KBR. 
increased above fasting value until 120 minutes after glu- 
cose loading, the cumulative enhancement of A (AA), in 
which A indicates blood glucose level or KBR, was cal- 
culated as a value estimated from the shaded area con- 
sisting of one triangle and three trapezoids, as shown in 
Figure 1, using the following formula: 

ay 


— 2 (aa + (as — 
Oy 4 E o) + (a2 ao) 


AA = 7 5 


K 
4 (42 = ao) + (as = ao) Y 
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K 
= a (2a, + 2a, + 2a3 + a4 — 7ap) 
when K is substituted by 1, 
I 
AA = 7 (2a, + 2a + 2a3 + as 7ag) 


= (a; + ay + ay) + 
where a, 4), 42, 43, and a, represent each value of glucose 
level and KBR at 0, 30, 60, 90, and 120 minutes in O- 
GTT, respectively. 
' The changes of arterial ketone body ratio in response 
to O-GTT will hereafter be referred to as the ‘redox tol- 
erance test.’ 





O 30 60 90 


120 min 


FiG. 1. Schematic pattern of blood ketone body ratio and glucose level 
for the calculation in redox tolerance test. Cumulative enhancement of 
each can be estimated as the shaded area. 
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Redox Tolerance Test in Hepatectomy Cases 


Cases. Of 182 patients who underwent hepatic resec- 

tions from January 1987 to December 1988 in the Second 
Department of Surgery, Kyoto University Hospital, the 
redox tolerance test was performed in 155 patients (85%) 
before operation. Patients with overt diabetes mellitus 
showing high fasting glucose levels of more than 120 mg/ 
dL, patients with obstructive jaundice, and patients who 
underwent hepatectomy with hépatic vasculature recon- 
struction were eliminated from this study. Predictive val- 
ues of redox tolerance test were eventually studied in 127 
patients who underwent simple hepatecomy for solid he- 
patic tumor (82% of redox tolerance tests examined): His- 
tologic diagnoses were done by clinical pathologists at 
Kyoto University Hospital. Esophageal varices were di- 
agnosed by endoscopic findings of F>-rosary or F3-nodular 
form according to the Rules and Nomenclature deter- 
mined by the Japan Portal Hypertension Research As- 
sociation.*° Details of these cases are summarized in | Ta- 
ble 1. 
-~ Hepatectomy. In hepatic anatomy, the Glisson pedicle, 
which consists of the portal vein, hepatic artery, and bile 
duct, is divided into three branches: posterior segment 
(VI and VII of Couinaud’s segment),*’ anterior segment 
(V and VIII), and left lobe (lateral and medial segments), 
each of which terminates in almost equal volume of he- 
patic parenchyma. Therefore’ all patients were classified 
according to the mode of hepatectomy into one of two 
groups: major hepatic resection, which included posterior 
segmentectomy, anterior segmentectomy, right lobec- 
tomy, left lobectomy, or trisegmentectomy; or minor he- 
patic resection, which meant subsegmentectomy (resec- 
tion of one Couinaud’s segment) or unanatomical enu- 
cleation of tumor. Excluded from this classification were 
five patients who underwent partial hepatic resection with 
distal-splenorenal shunt. (PH + DSRS) for impending 
rupture of esophageal varices. 
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Redox tolerance test and laboratory data. Preoperative 
redox tolerance tests were all performed approximately 1 
week before the surgery. Liver function tests, namely 
serum GOT, GPT, bilirubin, albumin and choline esterase 
levels, prothrombin time, and platelet counts were deter- 
mined at the clinical laboratory division of our hospital. 
Indocyanine green test was also examined before opera- 
tion and K-value (K-ICG: disappearance constant) was 
determined. All tests were performed on or around the 
day the redox tolerance test was performed. 

‘Postoperative morbidity and mortality. Postoperative 
morbidity was defined in this study as follows: hyperbil- 
irubinemia more than 8 mg/dL, elevated BUN more than 
50 mg/dL, and/or serum creatinine more than 2 mg/dL 
with or without hemodialysis, respiratory failure neces- 
sitating assistance by mechanical ventilator, hemorrhagic 
tendency necessitating blood transfusion, hypotension 
necessitating infusion of inotropic drug such as dopamine, 
and encephalopathy with the patient being restless, €x- 
cited, or at a worse stage of deterioration. 

Postoperative deaths were classified as operative mor- 
tality if they occurred within the 30th postoperative day, 
regardless of cause. Hospital mortality was defined as 
death during hospitalization on the 31st postoperative day 
or thereafter. 

Statistical analyses. All results were expressed as mean 
+ standard error. Student’s t test and chi square test were 
used for statistical analysis and p values less than 0.05 
were regarded a as significant. 


Results 


Differences of Redox Tolerance Test Between Liver Cir- 
rhotics and Normal Subjects 


This study was performed in 31 tumor-free cirrhotic 
patients whose diagnoses were confirmed histologically 
and in 10 normal volunteers who served as controls. Re- 


TABLE 1. Summary of 127 Hepatectomized Patients Examined by Redox Tolerance Test 


Sex 
Disease (n) Age (male/female) Comments 
HCC (97) i 60.1 = 0.9 73/24 Underlying liver disease (histologically diagnosed) 
i Liver cirrhosis 69 
Chronic hepatitis 22 
None (normal liver) 6 
Metastatic tumor (13) 56.1 + 10.5 6/7 Original tumor 
Colorectal cancer 9 
Breast cancer 3 
Leicmyosarcoma ] 
Biliary tumor (12) 59.8 + 10.4 4/8 Disease without obstructive jaundice 
Cholangiocellular carcinoma 8 
Gall bladder cancer 4 
Hemangioma (5) $7.8 + 10.0 2/3 All were huge liver hemangioma measuring more 


HCC, hepatocellular carcinoma. 


than 20 cm in diameter 
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sponses of blood glucose level and arterial KBR during 
75-g O-GTT are shown in Table 2 and Figure 2. At fasting 
state, blood glucose levels were not different between the 
liver cirrhotic group (LC group) and the normal control 
group (N group), although IRI concentrations in the LC 
group were higher and the arterial KBRs in the LC group 
were lower than those in the N group (p < 0.05). After 
the oral glucose load, the LC group showed a gradual 
increase in blood glucose level, while the N group showed 
the typical return toward normal after a peak at 30 min- 
utes. The blood glucose level in the LC group was signif- 
icantly higher than that in the N group at 60, 90, and 120 
minutes. Increase of the arterial KBR in the LC group 
was significantly lower than that in the N group through- 
out the 120-minute period tested. 

Cumulative enhancement of blood glucose level and 
arterial KBR, here referred to as integrated glucose re- 
sponse (Aglucose) and integrated KRB response (AKBR), 
respectively, are compared between the two groups in Ta- 
ble 2. AGlucose in the LC group was significantly greater 
than in the N group (p < 0.001), and AKBR in the LC 
group was significantly smaller than in the N group (p 
<0.001). Accordingly the AKBR-to-AGlucose ratio 
(AK BR/AGlucose)}, which means the response of arterial 
KBR to glucose loading, showed a marked difference be- 
tween the two groups (p < 0.001). These findings suggest 
that the ratio AKBR to Aglucose in the redox tolerance 
test is indicative of the responsiveness of hepatic mito- 
chondrial redox state to glucose loading. In this paper, 
for convenience, a redox tolerance index (RTI), which is 
a 100-fold ratio cf AKBR to Aglucose (RTI = 100 
X AKBR/Aglucose), is used as an indicator for the redox 
tolerance test. 


Predictive Value of Redox Tolerance Test in Hepatectomy 


As shown in Figure 3, RTI in 127 hepatectomized pa- 
tients was plotted in comparison to 10 normal controls. 
Table 3 shows RTI and postoperative mortality rate in 
these patients. Redox tolerance index in hepatocellular 
carcinoma cases was significantly lower than those in 
metastatic liver tumor, biliary tumor, or liver hemangioma 
cases (p < 0.01, p < 0.001, and p < 0.01, respectively). 
The | 1 patients who died in hospital after operation were 
all HCC cases. These results indicate that patients showing 
lower RTI before operation make poor candidates for he- 
patic resection. 

To study the further relationship between RTI and sur- 
gical risk, the patients were placed in one of three classes 
according to RTI (class I: RTI = 1.0; class I: 0.5 < RTI 
< 1.0; and class III: RTI < 0.5) and their postoperative 
mortality rates were compared. The classification system 
was established by the following method. The 127 patients 
were divided into a chronic liver disease group (69 liver 


TABLE 2. Comparison Between Normal Subjects and Liver Cirrhotics in Redox Tolerance Test 


Redox Tolerance Test 


Fasting State 


(X107?) 


AKBR/ 
Ketone Body AGlucose 
Ratio AGlucose AKBR 


Ketone Body 
Concentration 
(umol/mL) 


FFA 
(u*Eq/L) 


IRI 
(U/mL) 


Blood 
Glucose 
(mg/dL) 

90.6 + 3.1 


Subjects 
(n) 


1.84 + 0.36 
0.36 + 0.05¢ 


3.60 + 0.70 
1.37 +0.17} 


426 + 201 


204 + 16 


0.82 + O.f1 
0.55 + 0.04f 


7.8 + 0.6 796 + 95 0.078 + 0.023 
12.9 + 0.8* 1049 + 67 0.157 + 0.028 


100.3 + 2.7 


N (10) 
LC (31) 


* p < 0.05, tp < 0.01, fp < 0.001. 
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cirrhosis and 22 chronic hepatitis in HCC cases), and a 
normal liver group (6 patients with HCC and all 30 pa- 
tients with metastatic tumors, biliary tumors, and he- 
mangiomas) according to the histologic appearance of 
their tumor-free hepatic parenchyma. Redox tolerance 
index was obtained from each patient. Redox tolerance 
index of the chronic liver disease group was 0.56 + 0.45 
(mean + SD, n = 91) and that of the normal liver group 
was 1.37 + 0.86 (mean + SD, n = 36). Statistically, be- 
cause 83% of all values were included within the range of 
mean +1 SD, an RTI of more than 1.0 (0.56 + 0.45 
= 1.01, mean + 1 SD in the chronic liver disease group) 





Metastatic 
liver tumor 


Biliary Hemangioma Normal 
tumor 


FIG. 3. Each value of RTI in 127 hepatectomized patients and 10 normal 
subjects. 
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FIGS. 2A and B. Changes in 
blood ketone body ratio and 
glucose levels in redox tol- 
erance test. {A) 10 normal 
subjects, (B) 31 liver cirrhat- 


ics. @—— @ ketone body 
ratio, O--~-O blood glu- 
cose level. 


120 


min 


was regarded as normal, while an RTI of less than 0.5 
(1.37 — 0.86 = 0.51, mean-1! SD in the normal liver group) 
was regarded as abnormally low. Hence class I, the normal 
class, was defined as RTI more than 1.0; class II, the 1n- 
termediate class, as RTI between 1.0 and 0.5; and class 
III as RTI less than 0.5. As shown in Table 4 the post- 
operative mortality rate in the 127 hepatectomy cases 
correlated significantly with the preoperative RTI (x? 
= 9 843, and p < 0.01). 

We then investigated the relationship of the redox tol- 
erance test to the postoperative courses of the 97 HCC 
cases because postoperative deaths had occurred only in 
HCC cases in this study and because the preoperative 
evaluation of hepatic functional reserve is crucial in he- 
patic resection for liver tumor with chronic liver damage. 

Redox tolereance index in normal parenchyma cases 
was significantly higher than that in liver cirrhosis (LC) 
or in chronic hepatitis (CH) cases (p < 0.001 and p < 0.01, 
respectively), while no difference was observed between 


TABLE 3. Redox Tolerance Index and Postoperative Mortality in 127 
Hepatectomized Patients 


Total 


Operative Hospital 
. Mortality Mortality Mortality 
Disease (n)} RTI % (n)- % (n) % (n) 

HCC (97) 0.61 + 0.05 4.1 (4) 7.2 (7) 11.3 (11) 
Metastatic (13) 1.03 + 0.16* — — = 
Biliary (12) 1.35 + 0.28} — — — 
Hemangioma (5) 1.28 + 0.41* E — —— 
Total (127) 3.1 (4) 5.5 (7) 8.7 (11) © 


* p< 0.01; tp < 0.001 vs. HCC. 
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TABLE 4. Classification of Redox Tolerance Index and — 
Postoperative Mortality 


Postoperative 
Class Survived Dead Total Mortality 
I (RTI 2 1.0) ZT 0 27 0% 
II (0.5 = RTI < 1.0) 49 2 51 3.9% 
II] (RTI < 0.5) 40 9 49 18.4% 
Total 116 1] 127 


x? = 9.843; p < 0.01. 


LC and CH cases (Fig. 4). Among 69 liver cirrhosis cases, 
20 cases with esophageal varices showed significantly lower 
RTI than 49 cirrhotics without varices (p < 0.05) (Fig. 
5). Eighteen HB-antigen positive patients showed no dif- 
ference in RTI compared to 77 HB-antigen negative pa- 
tients. Table 5 shows the relationship between RTI and 
other conventional laboratory data for liver function. Re- 
dox tolerance index did not show any statistical correlation 
between serum GOT, GPT, total bilirubin, albumin, cho- 
line esterase level, prothrombin time, platelet count, or 
K-ICG. 

There were 11 postoperative deaths (4 operative and 7 
hospital deaths), 2 of which were in class IJ and 9 in class 
II. While both class II cases manifested symptoms of he- 
patic failure after an initial episode of sudden bleeding 
from cut surface of liver or renal failure, all but one class 





P< 0.001 
RTI 
NS P< 0.01 
ee 
1.5 
LO 
0.5 
O 
LC CH N 
nee 69 22 6 
RTI: 0.54 0.62 1.33 


+0.05 +0.10 +0.20 


Fic. 4. Comparison of RTI among histologic findings of hepatic paren- 
chyma in 97 HCC cases. LC, liver cirrhosis; CH, chronic hepatitis. 
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FIG. 5. Comparison of RTI between liver cirrhotics with esophageal! var- 
ices and without varices. 


III case showed gradual aggravation of liver function 
without any specific and particular episode, followed by 
multiple organ failure. The operations performed in these 
11 patients were 7 major hepatic resections, 2 minor re- 
sections, and 2 partial hepatic resections with DSRS. 

The contribution of this RTI classification to surgical 
risk was examined based on morbidity and mortality (Ta- 
ble 6). First the morbidity and mortality of class I patients 
were compared with those of class II and II patients to- 
gether to raise statistical confidence because the number 
of patients in each class was so small. Chi square test, 
however, revealed no significant difference in morbidity 
and mortality rates in class I patients compared with those 
in the others. The morbidity and mortality rates of class 
III patients were then compared with those of class I and 
II patients together. Class III patients had higher morbidity 
or mortality rates than the class I and II patients. Of the 
total number of cases, the postoperative mortality of class 
III was significantly higher than that in class I and II (x? 
= 5.189, p < 0.05). In the major hepatic resection group, 
both the morbidity and mortality rates of class III were 
higher than class I and II (x? = 6.617, p < 0.05 and x? 
= 3.948, p < 0.05, respectively). In addition class III pa- 
tients showed significantly different degrees of deteriora- ` 
tion in serum bilirubin, platelet count, and K-ICG as 
compared to class I and II patients (p < 0.05, p < 0.05 
and p < 0.01, respectively). 
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TABLE 5. Relationship Between Redox Tolerance Index and Laboratory Data in 97 HCC Cases 


Prothrombin 


GOT GPT Bilirubin Albumin ChE Time Platelet 
RTI (U/L) (U/L) (mg/dL) (g/dL) (x 1071U /L) (seconds) (Xx 104/uL) Kp-ICG 
Preoperative values 0.61 +0.05 75.5444 70.445.0 0.99+0.04 3.84+0.05 2.08 +0.09 1260.1 13.2+0.9 0.112 + 0.005 
Correlation coefficient —Q.19 —0.15 ~O.11 —0.02 0.04 —O.1] 0.20 0.36 
Significance NS NS NS NS NS NS NS NS 
NS, not significant. 
Discussion cose supply is interrupted, the subsequent inhibition of 


In the perioperative period, when the hepatic function 
undergoes massive metabolic changes, excessive surgical 
stress can precipitate postoperative hepatic failure, even 
when a normal preoperative liver assessment has been 
made. In contrast patients with highly deteriorated hepatic 
function are known to tolerate surgical intervention well, 
as long as the intraoperative stress is minimal, i.e., if the 
resected volume of hepatic parenchyma and other he- 
patodepressant factors, such as operation time, massive 
bleeding, blood transfusion, ischemic time, and anesthesia 
and drug damage are minimized. In the perioperative 
treatment, therefore, hepatic function or hepatic func- 
tional reserve should be evaluated on the basis of a theo- 
retically consistent method. Previously we have suggested 
that the most important consideration in postoperative 
care is to keep the arterial KBR greater than the critical 
point of 0.4 because hepatectomized patients with mark- 
edly decreased arterial KBR have a high risk of hepatic 
failure and multiple-organ failure.??"7! The redox tolerance 
test introduced in this article attempts to quantify the 
deterioration of hepatic mitochondrial energy metabolism 
by analyzing the changes in arterial KBR in response to 
oral glucose loading. 

Although the precise mechanism governing the reduc- 
tion of the mitochondrial redox potential in fasting state 
has yet to be clarified, one likely and highly persuasive 
argument for the regulation of glucose and fatty acid me- 
tabolism in hepatocytes at starvation is that once the glu- 


glycolysis provokes 6-oxidation of fatty acids, resulting in 
a reduced mitochondrial redox state that inhibits the ox- 
idizing process of acetyl CoA through the TCA cycle, and 
in an enhanced ketone body formation.**~* Direct spec- 
trophotometric measurement has also revealed a decrease 
in the ratio of NAD* to NADH, ie., the redox state, in 
the suspensions of fatty acid oxidizing mitochondria.*”"* 
Oral glucose loading at starvation, which induces the suf- 
ficient supply of glucose and insulin for hepatic cells, then 
enhances the ADP-phosphorylating reaction by mito- 
chondria, resulting in the shift of mitochondrial redox 
potential from a reduced to an oxidated state, >! which 
is possibly reflected as an increase in the arterial KBR. 
This response of hepatic mitochondrial redox state may 
be said to reflect the degree of deterioration in the hepatic 
energy metabolism. Indeed, as shown in the present study, 
the changes in arterial KBR in response to oral glucose 
tolerance test (AK BR/Aglucose or 100 X AKBR/Aglucose 
referred to as RTI) were significantly decreased in liver 
cirrhotics than in normal subjects (Table 2). Liver cir- 
rhotics with esophageal varices also showed significantly 
lower RTI, compared to those without varices, which 
seems to indicate the potentiality of RTI to distinguish 
the extent of liver damage in liver cirrhosis (Fig. 5). How- 
ever chronic hepatitis could not be differentiated from 
liver cirrhosis by RTI (Fig. 4). These results are consistent 
with the fact that histologic diagnosis in chronic liver dis- 
ease is not always correlated with actual hepatic function. 

Conventional parameters of hepatic function, especially 


TABLE 6. Postoperative Morbidity and Mortality Classified in Relation to Redox Tolerance Index in 97 HCC Cases 


Operation Procedures 


Total Cases Major Resection Minor Resection PH + DSRS 
Class n C D* n Cr Do7 n C D n C D 
I 14 2 0 12 2 0 2 0 - 0 — — s 
I] 35 8 2 26 5 1 8 2 l l 1 0 
il 48 17 9 22 1l 6 22 3 l 4 3 2 
Total 97 27 I] 60 18 7 32 5 2 5 4 2 


C, postoperative complication case; D, death; +, ++, +++. The numer x? = 6.617, x? = 3.948, respectively, and p < 0.05. 


in class III is significantly larger than that of class 1 + class II, x? = 5.189, 
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serum bilirubin level, platelet count, and K-ICG also 
showed significantly abnormal values in patients with 
markedly decreased RTI of class III, although there was 
no direct correlation between routine liver function test 
results and the corresponding RTI. Because the hepatic 
cells perform many functions, the derangement of which 
would vary depending on the pathologic state, the indi- 
vidual hepatic function tests would not necessarily cor- 
relate directly with each other. Furthermore, as these re- 
sults suggest, the fact that the routine tests become ab- 
normal is probably due to the acute energy deficit that 
occurs once the mitochondrial function becomes mark- 
edly deteriorated. | 

Our findings strongly indicate that the RTI is of poten- 
tial value in predicting surgical outcome, regardless of the 
form of intraoperative stress, apart from the volume of 
resected liver. The statistical analyses of the postoperative 
morbidity and mortality rates in hepatectomized patients 
showed that class III patients are of high risk for major 
hepatic resection. That there was no statistical difference 
in morbidity and mortality rates in HCC cases between 
class I patients and the rest may be attributed to the rel- 


atively few class I patients in our hospital because the . 


results of hepatectomy including noncirrhotic patients are 
generally satisfactory, as shown in Table 4. Accordingly 
the lower the preoperative RTI, the higher the surgical 
risk, especially in the case of major hepatic resection for 
hepatocellular carcinoma. Class I patients, with normal 
liver function, can tolerate virtually any type of hepatic 
resection. Those in class II, the intermediates, are can- 
didates for major hepatic resection pursuing surgical cur- 
ability, providing that they receive intensive perioperative 
care to prevent postoperative hepatic failure. In class III 
patients, major hepatic resection is risky despite intensive 
postoperative care, although one day this may become 
feasible with the reduction of surgical stress. 

The present study showed that the redox tolerance test 
may be a useful and reliable indicator of preoperative 
hepatic functional reserve. Further studies are being con- 
ducted to assess the extent of intraoperative hepatode- 
pressant factors by measuring arterial KBR to establish a 
program of intensive metabolic care based on redox theory 
throughout the entire perioperative period. 
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Survival After Pancreatoduodenectomy 


118 Consecutive Resections Without an Operative Mortality 
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Twenty-one years ago, Howard published a paper entitled “Forty- 
one Consecutive Whipple Resections Without an Operative 
Mortality.” That paper stimulated the present analysis of the 
last 118 consecutive pancreatoduodenectomies (107 Whipple and 
11 total resections) performed at the Surgical University Clinic 
Mannheim from November 1985 to the present day with no 
deaths. Ninety-one resections were performed for neoplasms and 
27 were for complicated chronic pancreatitis. The preoperative 
evaluation, operative technique, and postoperative care of these 
cases is discussed in detail and compared to the experience of 
Howard. While there was general agreement on operative tech- 
nique, there were differences concerning preoperative evaluation 
(modern imaging methods) and postoperative care (simplifica- 
tion). In this series 21 postoperative complications required seven 
relaparotomies. Long-term survival after resection for carcinoma 
was analyzed for 133 consecutive patients who were shown to 
have true ductal adenocarcinoma. In 76 patients, who had radical 
(Ro-) resections, the actuarial 5-year-survival rate was 36%. In 
44 patients, whose Ry-resections for pancreatic cancer occurred 
more than 5 years ago, the actual survival rate was 25%. 


WENTY-ONE YEARS AGO, a classic paper,’ ‘Pan- 

creatico-Duodenectomy: Forty-one Consecutive 

Whipple Resections Without an Operative Mor- 
tality’ by John M. Howard, M.D., was published in the 
Annals of Surgery. 

The present paper is conceived as a tribute to that re- 
markable achievement—remarkable because it was per- 
formed at a time when this operation was all but aban- 
doned as a high-risk, low-yield procedure. 

In reviewing Howard’s paper again, it seemed worth- 
while to analyze our own more recent experience with 
pancreatoduodenectomy at the Mannheim Surgical 
Clinic, applying the same guidelines used by Howard 21 
years ago. This comparison, even though viewed in the 
light of recent progress, revealed more similarities than 


Address reprint requests to Prof. Dr. Michael Trede, Chirurgische 
Universitatsklinik, Klinikum Mannheim, D-6800 Mannheim 1, West 
Germany. 

Accepted for publication October 10, 1989. 


and HANS-DETLEV SAEGER, M.D. 


From the Department of Surgery, Klinikum Mannheim, 
Heidelberg University, Mannheim, West Germany 


expected and only a few divergencies. In addition our 
experience seems worth reporting because even today 
there are doubts about the advisability and feasibility of 
this operation.?° 


Clinical Material 


From November 1985 to the present day (August 15, 
1989) 118 consecutive pancreatoduodenectomies were 
performed without an operative mortality at the Mann- 
heim Surgical Clinic. There were 70 men and 48 women. 
The age of these patients ranged from 24 to 78 years, with 
a mean of 57 years. 

The indications for pancreatoduodenectomy and the 
types of operation performed are summarized in Ta- 
ble 1. 

The resection rate for adenocarcinoma of the head of 
the pancreas was 22%; for other periampullary tumors it 
was 75%. For complicated chronic pancreatitis only 48% 


TABLE 1. Indications for 118 Pancreatoduodenal Resections 


Total 
Pancreatoduodenal 
Diagnosis Whipple Resections 

Adenocarcinoma of pancreas 46 7 
CA of papilla 15 l 
CA of dist. common duct 11 — 
CA and leiomyosarcoma of 

duodenum 6 — 
Malignant apudoma 3 Z 
Complicated chronic 

pancreatitis 26 l 
Total 107 11 
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TABLE 2. Preoperative Evaluation Before Pancreatectomy 


History and clinical examination 

Abdominal ultrasound (pancreas, bile duct, liver) 
CAT scan 

ERCP (+biopsy and stenting) 

Angiography 

Fine-needle cytology 

Hypotonic duodenography 

Laboratory tests (endocrine + exocrine function) 


of patients referred for surgical treatment were, in fact, 
operated on and only 15% had a Whipple resection. 

Ten previous upper abdominal operations had been 
performed, mainly in other hospitals, including four cases 
with recent exploration or attempted resection, which 
compounded the technical difficulties. 

Operative mortality is defined here as any death oc- 
curring during the operation or thereafter until the patient 
had recovered and was discharged from the hospital. None 
of these 118 patients died within 2 months of the resection; 
the earliest subsequent death occurred 6 weeks after hos- 
pital discharge. 


Preoperative Evaluation and Management 


Table 2 lists the preoperative investigations in order of 
importance and sequence of performance. 
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A searching history and clinical assessment of the pa- 
tients’s physical and mental states heads the list. Thus 
persistent gnawing backache in a patient with pancreatic 
carcinoma might weigh as heavily against resection as 
would hopeless and unrepentant alcoholism in chronic 
pancreatitis. 

Abdominal ultrasound, the ‘surgeon’s stethoscope,’ 
comes next and usually identifies the pancreatic mass, 
dilated bile ducts with or without stones, and possible 
hepatic metastases. 

Endoscopic ultrasound is used increasingly to localize 
enlarged lymph nodes, but it cannot distinguish between 
inflammatory enlargement or metastatic occupation 
as yet.“ 

A computed tomographic scan is added because it pro- 
vides clear and reproducible pictures (independent of the 
investigator’s skill); in essence, however, it only duplicates 
the ultrasound findings. 

Although normal in many patients with overt pan- 
creatic disease, endoscopic retrograde cholangiopancrea- 
tography (ERCP) often provides surprising and decisive 
results. The ‘double-duct sign’ is as diagnostic of a peri- 
ampullary tumor as the discrete but constant stenosis of 
an otherwise normal duct of Wirsung (Fig. 1). In papillary 
tumors the diagnosis usually can be confirmed by biopsy. 

Furthermore this diagnostic tool can be turned into a 


Fic. 1. Patient: male, 55 years 
old. This ERCP with con- 
stant stenosis (arrows) was 
the sole objective finding 
(suspicion of carcinoma) in 
this patient with mild epigas- 
tric discomfort. Intraopera- 
tive needle biopsy = chronic 
pancreatitis. Final diagno- 
sis of total pancreatectomy 
specimen = adenocarcinoma 
of pancreas (Ta N; M,). 
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FIG. 2A. Patient: female, 72 
years old. Carcinoma of the 
head of the pancreas with 
obstructive jaundice. Preop- 
erative angiography of supe- 
rior mesenteric and portal 
veins shows severe stenosis 
(arrow) indicative of tumor 
infiltration and inoperability. 


therapeutic weapon in cases of obstructive jaundice. After 
years of debate and apparent evidence to the contrary,>° 
we, like others,’ have settled for endoscopic transpapillary 
drainage for all these cases (it is successful in 80%) in 
preparation for the definitive resection.” 

Angiography was once a fixture on our list because it 
detects congenital vascular anomalies and signs of inop- 
erability. But because it has let us down occasionally on 
both counts (Fig. 2) and because with increasing experi- 
ence we rely more on surgical exploration, we no longer 
insist on this examination. It is useful, however, as a final 
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confirmation of inoperability in patients believed to be 
inoperable on other counts. 

The same applies to fine-needle cytology.’ Because only 
the positive finding of cancer cells is valuable, we do not 
use it routinely but only for confirmation of diagnosis in 
inoperable cases. 

A barium or gastrografin upper GI series (in particular 
a hypotonic duodenography) sometimes is used to doc- 
ument obstruction in the periampullary duodenum. 

Laboratory tests are mentioned last because they are 
of little help in surgical decision making in patients with 
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FIGS. 2B AND C. Operative site and sketch showing that stenosis of portal vein (V) was merely caused by an unusual coiling of the hepatic artery 
(A); B = dilated common hepatic duct; P = pancreatic remnant; J = stapled proximal end of jejunum. 


chronic pancreatitis or cancer. We do, however, study 
tumor markers as well as pancreatic exocrine and endo- 
crine function before operation to provide a baseline for 
the postoperative course. 

That leaves only three essential steps in the preoperative 
evaluation—history and examination, ultrasound, and 
ERCP—before the experienced surgeon can proceed with 
surgical exploration of the pancreatic patient. 


The Technique of Resection 


This is standardized in eight distinct steps. '® 


Incision 


The best approach to the pancreas is provided by a 
right subcostal incision that is extended over to the left 
as soon as obvious inoperability has been excluded. 


Exploration 


Careful palpation should exclude hepatic or gross lymph 
node metastases, as well as tumor infiltration of the mes- 
enteric root and hepatoduodenal ligament. 

The hepatic flexure of the colon is mobilized, followed 
by the whole of the duodenum by means of the Kocher 
maneuver. This will check on mobility of the pancreatic 
head and also expose the vena cava, left renal vein, and 
aorta. 

The right half of the greater omentum is then detached 
from the transverse colon, thus opening the lesser sac 
widely and exposing the pancreas from the front. 

Needle biopsy of an obvious and symptomatic mass in 
the head of the pancreas has been all but abandoned in 
operable cases. Harbrecht summed it appropriately when 
he said, ‘Even if you like and admire your pathologist, as 
I do mine, you cannot give him your full trust on pan- 
creatic biopsies.”'' With this in mind, such a mass should 
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always be resected, even in the absence of histologic proof 
of malignancy—provided that this can be done with little 
risk. ! 

Lymph node biopsies are taken in the course of the 
procedure (along the right margin of the portal vein, the 


FIG. 3. Sketch of the dissected 
hepatoduodenal ligament. 
Dh = hepatic duct; Vp 
= portal vein; Ah = hepatic 
artery; Ag = gastroduodenal 
artery; Dc = distal common 
duct; D = duodenum. 
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FIG. 4. Sketch showing extent of gastric and omental resection. G = gall 
bladder; Vp = portal vein; Ah = hepatic artery; D = duodenum: P 
= pancreas; Age = gastroepiploic artery. 


superior borders of the duodenum, and pancreatic neck). 
But these are usually negative and would not influence 
resection, if this is feasible. 


Cholecystectomy and Dissection of the Hepatoduodenal 
Ligament 


Resection begins with mobilization of the gallbladder 
from its bed and division of the hepatic duct just proximal 
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to the entry of the cystic duct. This ensures a short bile 
duct stump with a good blood supply for subsequent 
anastomosis. "°? 

The common duct 1s peeled downward together with 
all lymphoid tissue, thus leaving the hepatic artery and 
its two branches, as well as the portal vein, bare. 

Special care is required when dissecting the lymphoid 
tissue lateral to the portal vein because here an aberrant 
right hepatic artery may be hidden. 

The hepatic artery is mobilized in its horizontal course 
along the upper pancreatic border and here its two 
branches, the right gastric and gastroduodenal arteries, 
are divided (Fig. 3). 


Mobilization of the Pancreas Neck 


This delicate step is performed from above, keeping 
close to the anterior walls of the portal and superior mes- 
enteric veins with a blunt instrument or careful finger. 
Although all venous tributaries enter the large retropan- 
creatic veins from the right or left side (none from the 
front), this maneuver may end in severe venous hemor- 
rhage if the passage is narrow (e.g., in chronic pancreatitis) 
or if there is malignant infiltration of the vein. When this 
occurs it is best to tamponade this retropancreatic space 
with gauze and to go on to step 5 because such venous 
bleeding often stops spontaneously. Any attempt at he- 
mostatis by suturing in this tunnel is futile and dangerous. 
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Partial Gastrectomy 


After skeletonizing the lesser omentum as well as the 
gastrocolic and greater omentum right up to the lesser 
and greater curves of the stomach, a 40% distal gastrec- 
tomy is performed. The low rate of postoperative ulcer 
problems (3%) convinces us that any more radical resec- 
tion or vagotomy is not required (Fig. 4). 

We have no experience with pylorus-preserving resec- 
tions. While excellent results are reported from experi- 
enced surgeons,'* warnings are being sounded by others 
concerning postoperative ulcer problems!*'® and com- 
promised radicality in case of cancer.'’ And the alleged 
functional superiority of pylorus preservation has in no 
way been proved so far. At present we are left with the 
fair comment of the protagonists of this method that ‘py- 
loric-preserving pancreatoduodenectomy is at least func- 
tionally equivalent to the standard Whipple resection.’'® 


Division of the Pancreas 


Depending on the site of the tumor the pancreas is now 
divided, well to the left of the great veins along the tunnel 
prepared in step 4. 

The pancreatic duct is identified and small bleeders are 
sutured with 3:0 silk. If the tumor reaches anywhere near 
the line of resection, total pancreatectomy must be per- 
formed. Furthermore seldom is it indicated to avoid a 


Fic. 5. Sketch of operative 
site after division of pancreas. 
G = gall bladder; M = stom- 
ach; O = greater omentum; 
D = duodenum; Ah = he- 
patic artery; Vp = portal vein; 
VI = splenic vein; Vms = su- 
perior mesenteric vein; Vmi 
= inferior mesenteric vein. 


I 
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hazardous anastomosis with a very friable pancreatic 
remnant. 

Total pancreatectomy involves detachment of the 
greater omentum from the transverse colon right up to 
the splenic flexure, mobilization of the spleen together 
with the pancreatic tail from left to right, division of the 
short gastric vessels between stomach and spleen, and 
blunt dissection of the lower pancreatic border from the 
base of the mesocolon. Division of the splenic artery and 
vein, close to their origins, completes this step. 


Dissection of the Retropancreatic Vessels 


Whether the pancreatoduodenectomy is to be partial 
or total, the whole specimen (including gallbladder, stom- 
ach, and greater omentum) is retracted en bloc to the right, 
thus placing mild tension on the plane between the pan- 
creas and mesenteric root behind it (Fig. 5). 

One by one the delicate retropancreatic veins and the 
posterior pancreatoduodenal arteries are divided, leaving 
the superior mesenteric vessels skeletonized. 

Sometimes it is only at this stage that malignant infil- 
tration of the portal vein from the posterolateral side is 
discovered. The surgeon now has two alternatives: dissect 
the tumor from the vein, inevitably leaving some of it 
behind (/.e., this Ry resection will be palliative only), or 
resect the involved segment of vein en bloc with the tumor. 
However, with one exception, this regional pancreatec- 
tomy type I also yielded only palliative results. 

After isolating and clamping the superior mesenteric, 
splenic, and portal veins, tangential resection with suture 
(9 cases) or segmental resection either with end-to-end 
anastomosis (1 case) or graft interposition (2 cases) is per- 
formed. To avoid excessive intestinal venous congestion 
during this resection, it is helpful to clamp the inflow, i.e., 
the superior mesenteric artery as well (Fig. 6). 


Division of the Jejunum 


After mobilization of the distal duodenum, the ligament 
of Treitz is divided and the first two or three inches of the 
jejunum are skeletonized. Finally the jejunum is divided 
and the complete specimen is removed en bloc (Fig. 7). 


The Technique of Reconstruction 
Operative repair is performed in three steps; the end 
result is illustrated in Figure 8. 


Pancreatojejunostomy 


The upper end of the jejunum is brought up behind 
the mesenteric root to lie tension-free against the cut sur- 
face of the pancreatic remnant for a two-layered end-to- 
end telescope type of anastomosis. 
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FIG. 6. Patient: female, 63 years old. Operative sketch showing infiltration 
of portal vein (V.p.) by cancer (c), necessitating tangential resection of 
a segment of vein (v) along with total pancreatectomy (above). Below: 
operative site before biliodigestive reconstruction. h = common hepatic 
duct; Ah = hepatic artery; ly = lymph node along neck of pancreas; Al 
= splenic artery; p = pancreas; u = uncinate process; Vms = superior 
mesenteric vein; Vmi = inferior mesenteric vein; Ams = superior mes- 
enteric artery; m = stomach; V.c.i. = inferior vena cava. 


We use 3:0 chromic catgut for the inner layer without 
attempting to place mucosa-to-mucosa sutures in the 
pancreatic duct, unless this is extremely dilated. Also we 
have never used any form of pancreatic duct drainage or 
occlusion. 3:0 silk is used for the outer invaginating layer 
of sutures. 


Hepaticojejunostomy 


The second anastomosis is placed as far down-stream 
from the first anastomosis as possible. But if kinking of 
the jejunal loop is to be avoided, the distance will seldom 
exceed 12 cm. This anastomosis consists of just one layer 
of 4:0 resorbable sutures. It is routinely splinted by a 
Volker-type silastic drain, which facilitates the suturing 
of a narrow bile duct and, we hope, helps to decompress 
the proximal jejunum, thus keeping bile away from the 
pancreatic anastomosis, as pointed out by Howard! 
(Fig. 9). 
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FIG. 8. Sketch showing extent of en bloc Whipple resection (above) and 
technic of reconstruction (below). 
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FIG. 7. Patient: male, 57 
years old. En bloc specimen 
of total pancreatectomy for 
a Ta No M, adenocarci- 
noma of the pancreatic 
head. Long-term survival: 7 
years, so far. 


Furthermore this drain can be used for the postoper- 
ative radiologic control of both suture lines if a leak is 
suspected. However, because this retrograde instillation 
of gastrografin has sometimes been followed by a spike 
in fever (ascending cholangitis?), we have abandoned these 
routine x-ray controls. The V6lker-drain is removed 3 
weeks later. 


Gastrojejunostomy 


This final anastomosis is placed a full 50 cm further 
downstream in form of an antecolic partial gastrojeju- 
nostomy (two layers with 2:0 silk outside and 2:0 chromic 
catgut inside). 

A final Braun jejunojejunostomy serves to ensure de- 
compression of the proximal jejunal loop. 

A single soft silastic drain is placed behind the proximal 
two anastomoses and is usually withdrawn on the 5th 
postoperative day. 

Some further perioperative data are on record: these 
operations were performed by 10 different surgeons (under 
supervision of the senior author); the operating times var- 
ied from 4.5 to 9 hours (median, 5.75 hours); the blood 
loss was between 200 mL and 6000 mL (median, 
900 mL). 
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FIG. 9. Sketch illustrating the 
hepatojejunal anastomosis 
splinted by a Völker drain 
(Dr) brought out through the 
jejunal wall (J) by a Witzel- 
type canal (W); L = liver; D 
= common hepatic duct; P 
= pancreas. 


Postoperative Care 


Postoperative care is kept as simple as possible, with 
emphasis placed on the close-meshed clinical observation 
of the patient on the surgical intensive care unit. 

Our anesthesists pride themselves in extubating these 
patients on the operating table. 

We remove the gastric tube on the morning after op- 
eration; peroral fluids (sips of tea) are allowed as soon as 
peristalsis begins (48 to 72 hours after operation) and 
thereafter intravenous fluids are reduced step-wise and 
discontinued completely on the 5th day after operation. 

Postoperative medication is confined to prophylactic 
antibiotics (cefazolin 3 X 2 g) on the day of operation 
only; stress ulcer prophylaxis with Ranitidine (3 50 mg 
intravenously for 5 days); prophylaxis of bronchopul- 


TABLE 3. Complications of 118 Pancreatoduodenectomies 








Complication n Relaparotomy 
Pancreatic leak 9 | 
Hemorrhage 

Gastrointestinal 4 | 

Operating field 2 2 
Biliary fistula 3 -- 
Abscess 2 2 
Jejunal torsion l | 


Total 21 


N 
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monary complications with acetylcystein (3 X 300 mg 
intravenously for 5 days); and thrombosis prophylaxis 
with heparin sodium (3 X 5000 international units, sub- 
cutaneously for 10 days). 


TABLE 4. Recent Early Results of Pancreatoduodenectomy 








Operative 
No. of Mortality 
Patients 

Authors n n % 
Van Heerden” * 146 6 4.1 
Jones, Langer?! 87 4 4.6 
Siedeck” 112 2 1.8 
Braasch'* + 87 2 2.3 
Grace, Longmire”? § 45 | 2.2 
Tsuchiya?’ t 94 4 4.2 
Crist, Cameron” § 47 | 2.1 

Gall% !! 289 3 l 
Cooper, Carter, et al.?’§ 83 4 4.3 

Bittner, Beger”? 60 3 5 
Lygidakis, van der Hyde?” 78 3 3.8 

Pellegrini, Way” § 5] | 2 





This list lays no claim to completeness. 

The series are not comparable. 

* 10 resections for benign lesions. 

+ Pylorus-preserving pancreatectomy for malignant and benign lesions. 

t Pancreatectomy for small carcinomas (<2 cm) only. 

§ Inclusive pylorus-preserving pancreatectomy for malignant and be- 
nign lesions. 

l Pancreatectomy for chronic pancreatitis only. 

T Total pancreatectomy for chronic pancreatitis only. 
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TABLE 5. Long-term Survival After Pancreatoduodenectomy 
for Adenocarcinoma of the Pancreas 


No. of Patients 5-year Survival 


Author Resected Rate (%) 
Cooperman?! 70 7.1 
Van Heerden?” 44 23 
Lerut*? 25 6.0 
Jones, Langer?! 28 7.0 
Grace”? 37 3.0 
Connolly* 89 3.4 
Crist” 50 18.0 


This list lays no claim to completeness. 
The results (most of them actuarial survival rates) are not comparable. 


Postoperative hospitalization ranged from 10 to 44 days 
(median, 16 days). 


Postoperative Complications 


Keeping to the above regimen, the postoperative course 
usually resembles that after a partial gastrectomy. But, of 
course, there were complications in the present series, 
which are listed in Table 3. 

The management of these complications has been dis- 
cussed before in detail.'? It is worth mentioning that for 
this recent series of 107 Whipple procedures, complica- 
tions at the pancreatic anastomosis occurred in only 8% 
and only one required a further operative intervention. 
In fact the overall rate of relaparotomy is only 6%. 


Discussion 


When comparing this series with that of Howard’s 21 
years ago, it is indeed remarkable how much agreement 
there is, particularly regarding the details of operative 
technique. The main divergencies concern preoperative 
evaluation and postoperative care. 

Progress in modern imaging procedures is such that 
bothersome intraoperative cholangiograms and pancrea- 
tograms are now obsolete. On the other hand, this progress 
has not, so far, improved the timely detection of early 
cancer of the pancreas. 

As for postoperative care, we believe that patients ben- 
efit by simplification. Tracheostomy and assisted respi- 
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TABLE 7. Late Results of Pancreatectomy for Pancreatic, 
Papillary, and Periampullary Carcinoma 


No. of 5-Year 
No. of Patients Operated on Before Survivors as of 
August 1984 August 1989 
Head of pancreas 44 11 (25%) (-—4)* 
Papilla 36 21. (55%) (-—5S)* 
Choledochus and duodenum 17 4 (23%) (-3)* 
Total 97 36 (36%) (-—12)* 


Ro-resections only. 
* Died more than 5 years after operation. 


ration for one or two days, used by Howard in more than 
one half of his patients, was required by none of our pa- 
tients. 

Adjuvant cancer chemotherapy (applied empirically 
and half-heartedly by Howard) has not been given to our 
patients—nor has intra- or postoperative radiation. This 
brings us to one final section of this paper. 


Long-term Survival After Pancreatectomy for Cancer 


While Howard’s results were indeed remarkable 21 
years ago, today good results are being reported from 
many centers all over the world (Table 4). 

But has the lowered operative mortality rate of pan- 
createctomy resulted in improved long-term survival in 
pancreatic cancer patients? With few exceptions,” these 
results have been disappointing (Table 5). 

To answer this question for our own clinical material, 
we must look beyond those 53 pancreatectomies per- 
formed for adenocarcinoma of the pancreas since 1985. 

The total experience of the Mannheim Surgical Clinic 
goes back to October 1972. Since then 370 consecutive 
pancreatoduodenectomies have been performed (57 total 
and 313 Whipple procedures). Nine patients died, yielding 
an overall operative and hospital mortality rate of 2.4% 
(Table 6). 

In 133 patients pancreatoduodenectomy was performed 
for true ductal adenocarcinoma of the pancreas; 3 patients 
died in the hospital, thus accounting for a mortality rate 
of 2.2%. Because the remaining 130 patients were seen 


TABLE 6. Early Results of Pancreatoduodenectomy 





Diagnosis 
Operative and Hospital 





Type of Procedure No. of Patients Neoplasm Pancreatitis Mortality 
Whipple operation 313 209 104 6 
Total pancreatectomy 37 17 3 
Total | 370 249 (7%) 121 (2% 9 (2.4%) 





From the Surg. Univ. Clinic Mannheim, October 1, 1972 to August 15, 1989. 
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FIG. 10. Actuarial survival plotted according to Kaplan-Meier for all 
130 patients, who survived pancreatic resection for carcinoma. 


after operation at regular 6-month intervals with a 98% 
complete follow-up, we can look at survival from three 
angles. Figure 10 shows the actuarial survival curve plotted 
according to Kaplan-Meier for all 130 patients who sur- 
vived pancreatectomy for cancer. Here the statistical 
probability of surviving 5 years amounts to 24%. 

By dividing this group of 130 resections further, ac- 
cording to standard criteria of radicality, we reach a more 
realistic analysis (Fig. 11) and discover that 54 patients 
really had no fair chance of long-term survival. In these 
patients the tumor appeared macroscopically resectable 
but in the end the operation was not radical (R>-resection) 
for one of three reasons: (1) tumor tissue had to be dis- 
sected off large vessels, thus leaving insufficient tumor- 
free margins; (2) in a few cases small remnants of tumor 
were knowingly left behind; and (3) the pathologist re- 
ported microscopic tumor infiltration along the lines of 
resection. As was expected, none of these 54 patients sur- 
vived more than 2 years, although nearly all of them had 
good palliation for a time. 
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FIG. 11. Actuarial survival plotted according to Kaplan-Meier for 76 
patients with Ro resections and 54 patients with R, resections for pan- 
creatic cancer. 
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FIG. 12. Survival of 76 patients who had Ro resections for pancreatic 
adenocarcinoma plotted against the stage of the disease. 


But the 76 patients in whom a radical resection of ad- 
enocarcinoma of the pancreas was possible (both mac- 
roscopically and microscopically)—so-called Ro-resec- 
tion—did far better. The 5-year survival rate for this group 
was 36%. 

A second view on long-term results is provided by Fig- 
ure 12, in which survival is plotted against the stage of 
the disease (Union International Coutre Cancer classifi- 
cation, 1987) of those 76 patients who had Ro-resections. 

It is evident that all but two long-term survivors belong 
to stage I (T,; NoM,). But it is worth noting that three pa- 
tients survived more than 3 years, in spite of lymph node 
metastases (stage III = T,_3, N; Mo). And one of the latter 
is still alive 11 years after total pancreatectomy including 
portal vein resection for a T} N, ductal carcinoma of the 
pancreas (reviewed and reviewed again by independent 
pathologists). 

Finally, without any statistical manipulation, one can 
look at the fate of those 44 patients, whose Ro-pancre- 
atectomy for adenocarcinoma (partial or total) was per- 
formed more than 5 years ago. Table 7 shows that 33 
patients have since died. But 11 reached the 5-year survival 
limit, which is 25% of those resected. 

These long-term survival results are, of course, open to 
criticism on several counts: (1) The figures—36% actuarial 
survival among 76 consecutive Ro-resections, and 25% 
actual survival among 44 Ro-resections—may not be large 
enough to carry full statistical significance. (2) 5-year sur- 
vival after resection for pancreatic cancer does not mean 
that patients are cured in every case. A glance at Figures 
11 and 12, as well as Table 7, clearly shows that four more 
patients have so far died after passing the ‘magic line’ and 
they died of late recurrent and metastatic pancreatic can- 
cer. (3) The sceptical reader will rightly ask if all of these 
133 patients did indeed have ductal adenocarcinoma of 
the pancreas. 
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Fully aware of the notorious difficulties that experienced 
pathologists can have in distinguishing some cases of pan- 
creatic adenocarcinoma from papillary or endocrine car- 
cinoma or even chronic pancreatitis,'' we had all the 
specimens and slides reviewed. And all long-term survi- 
vors were reviewed again by an independent pathologist, 
as suggested by van Heerden.*° 

Nine of an initial 142 patients with a primary diagnosis 
of ‘adenocarcinoma of the pancreas’ did not pass this rig- 
orous test (ampullary carcinoma, 5; colloid carcinoma, 
islet-cell carcinoma and cystadenocarcinoma, | each). 
This left the 133 patients, whose long-term fate was the 
basis for this final section. 

In conclusion, the improved early results of pancrea- 
toduodenectomy seem to justify recommending this op- 
eration to every operable patient.” Even if the chances 
of cure are slim, this operation provides the best possible 
palliation. For long-term survival, the results for surgery 
alone reported here do not justify complacency. It remains 
to be seen, however, if they will stand the test of time, 
turn out to be reproducible, or if they can be improved 
by the addition of adjuvant oncologic modalities of treat- 
ment. 


Note Added in Proof 


As of January 1, 1990, the number of consecutive pancreatoduode- 
nectomies performed with mortality has reached 142. 
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A prospective study was performed on 358 patients to examine 
the diagnosis, management, and natural history of fish bone 
ingestion. All patients admitted with the complaint had a thor- 
ough oral examination. Flexible endoscopy under local pharyn- 
geal anesthesia would be performed on patients with negative 
findings. Of 117 fish bones encountered, 103 were removed (direct 
removal, 21; endoscopic removal, 82) and 12 were inadvertently 
dislodged. One was missed and the other one necessitated re- 
moval with rigid laryngoesophagoscopy under general anesthesia. 
Morbidity (1%) occurred in patients with triangular bones in the 
hypopharynx, resulting in one mucosal tear and two lengthy pro- 
cedures. Mean hospital stay was 7 hours. Prediction of the pres- 
ence of fish bones by symptoms and radiograph was poor. The 
location of symptoms, however, was useful in guiding the en- 
doscopist to the site of lodgment. Of patients who refused en- 
doscopy, only one (2.8%) developed retropharyngeal abscess. As 
compared to those who received endoscopy, 31.8% had fish bones 
detected. As the yield of fish bone detected was also inversely 
related to the duration of symptoms, we strongly suspect that 
most of the unremoved fish bones would be dislodged and passed. 
However, because of the serious potential complication from fish 
bone ingestion, we believe that a combination of oral examination 
followed by flexible endoscopy is indicated in all patients. When 
triangular bones in the hypopharynx are encountered, rigid la- 
ryngoesophagoscopy should be considered. This protocol had 
safely and effectively dealt with the present series of patients. 


OREIGN BODY INGESTION remains a common 

clinical problem.'* Among the many foreign 

bodies swallowed, the fish bone is not only one of 
the most commonly encountered?* but also poses the po- 
tential hazard of bowel perforation, which mandates sur- 
gical exploration. As fish bones are usually radiolucent, 
firm diagnoses and decision for intervention are difficult. 
Therefore we had began a prospective study to examine 
the diagnosis, management, and natural history of fish 
bone ingestion. 
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Method 


Between January and August 1986, patients older than 
12 years complaining of fish bone ingestion were pro- 
spectively studied. Clinical histories were carefully doc- 
umented. Five symptoms, namely foreign body sensation, 
pain on swallowing, rest pain, blood-stained saliva, and 
sense of obstruction were recorded in all patients using 
a standard questionnaire. Sharp pricking sensation on 
swallowing was included in the study for the last 65 con- 
secutive patients. Plain lateral radiographs of the neck for 
foreign bodies were routinely taken and findings were re- 
corded. 

All patients had a careful oral examination with fiber- 
optic light and spatula. Unless a fish bone was seen and 
removed, flexible endoscopy (Olympus GIF XQ and 
XQ10, Olympus, Japan) was conducted under local pha- 
ryngeal anesthesia (Cetacaine Spray, Cetylite Industries, 
Pennsauken, NJ). During endoscopy the patient lay on 
the side and the instrument was passed under direct vision. 
The pharynx was examined systematically in a caudal 
direction, with special care taken at the tonsillar fossae, 
the valleculae, the piriform fossae, and the hypopharynx 
until the cardia was reached. Fish bones that were detected 
were removed with forceps with or without manipulation 
into more desirable positions. The stomach and the duo- 
denum were not routinely examined. All patients were 
followed until symptoms subsided completely. 

Correlation of the presence and the exact anatomic lo- 
cation of any detected fish bone was made with reference 
to symptoms and radiographs. The efficacy and safety of 
flexible endoscopy was also studied. Outcome of patients 
who refused endoscopy were carefully followed to eluci- 
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date the natural history of unremoved fish bones lodged 
in the upper digestive tract. 

During the period, 358 of 500 (71.6%) consecutive pa- 
tients with foreign body ingestion complained of fish bone 
ingestion and were admitted into the study. There were 
154 male and 204 female subjects (male to female ratio, 
1:1.3) and their mean age was 41.5 + 16.9 years (range, 
12 to 86 years). Fish bones were encountered in 117 pa- 
tients, and most of them (82.9%) were found above the 
cricopharyngeal sphincter. Detailed locations of these 
bones are listed in Table 1. The hospital stay was 7.0 
+ 5.3 hours (mean + SD). 


Results 


On oral examination, 21 fish bones were located and 
removed without necessitating further procedures. Ex- 
cluding 35 patients who refused further treatment, all of 
the remaining patients with negative oral findings had 
flexible endoscopic examination. The procedure was well 
tolerated in all but two patients, in whom the procedure 
was aborted because of discomfort. Ninety-four bones 
were identified on endoscopy. Eighty-two (87.2%) were 
retrieved endoscopically and symptoms were immediately 
relieved. Twelve bones, including five in the hypopharynx, 
were inadvertently dislodged and failed retrieval (Table 
1). None of them had any subsequent abdominal com- 
plication. 

Two fish bones were not identified during endoscopy. 
One bone that was small and located at the corner between 
the posterior tongue and the lateral pharyngeal wall was 
missed on initial endoscopy. This was removed when en- 
doscopy was repeated for persisting symptoms. The other 
one was noted on radiograph at the hypopharynx. How- 
ever the bone could not be located for retrieval on en- 
doscopy, despite repeated examination of the cricopha- 
ryngeal area, which was very swollen. Rigid laryngo- 
esophagoscopy under general anesthesia was performed. 
As soon as the larynx was manipulated forward the fish 
bone immediately came into view and was easily removed. 

There were no deaths associated with endoscopic ex- 
amination and retrieval. Morbidity was encountered in 3 


TABLE 1. Location and Outcome of Fish Bones 








Location Total Removed Dislodged 
Oral cavity 6 6 0 
Oropharynx 73 67 5 
Laryngopharynx 18 17 l 
Hypopharynx 18 12 5 
Esophagus 2 l l 
Total 117 103 12 
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FIG. 1. A triangular fish bone, which commonly lodged in the hypo- 
pharynx. 


of 302 patients (1%) who received endoscopy. They oc- 
curred in three patients with triangular fish bones (Fig. 1) 
that were accidentally ingested while patients were eating 
fish heads. They were commonly lodged in the hypo- 
pharynx and were densely opaque on radiographs. Mu- 
cosal tear of the cervical esophagus occurred in 1 patient 
when such a bone was trailed through the cricopharyngeal 
sphincter. In two other patients, retrieval of these bones 
through the sphincter required more than 40 minutes of 
endoscopic time. 

In the 35 patients who refused endoscopy, | (2.8%) 
patient developed retropharyngeal abscess 2 weeks after 
initial presentation. This was drained surgically and the 
patient was discharged 10 days after operation. The others 
remained well in the 4 weeks of follow-up. 

The usefulness of symptoms in predicting the presence 
of bones is presented in Table 2. Except for sharp pricking 
sensations on swallowing, all the other symptoms have 
predictive values less than 50%. Among the last 65 con- 
secutive patients who were evaluated for sharp pricking 
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sensation, 28 of 31 patients with fish bones had the symp- 
tom. The site of symptom accurately predicted the loca- 
tion of a fish bone at 77.7%, 94.3%, and 100% when pa- 
tients pointed to the mouth, the neck, and the chest, re- 
spectively; bones were found in their close vicinity. When 
lateralization of symptom to one side is possible by the 
patient, bones were always found on that side (100%). 

Lateral radiographs of the neck were obtained in 310 
patients. Seventy-eight of one hundred fourteen fish bones 
were either radiolucent or unidentifiable on plain radio- 
graphs. Misinterpretation of soft tissues and calcified la- 
ryngeal apparatus as foreign bodies occurred in 18 of 54 
positive radiographs. As a test for the detection of the 
presence of fish bones, it had a high specificity but a low 
sensitivity (Table 2). 

The duration from fish bone ingestion to the time of 
examination correlated with the yield of retrieval, which 
diminished as the duration increased (Table 3). 


Discussion 


Fish bone ingestion is a common clinical problem that 
was seldom addressed in the literature. In the report by 
Nandi and Ong,’ 1434 of 2394 patients reviewed com- 
plained of fish bone ingestion. The clinical history of fish 
bone ingestion is always uncertain. A history such as 
‘choking or gagging during eating fish’ is not uncommon. 
Furthermore, because the bone is likely to be small, sharp, 
and radiolucent,” a firm diagnosis and the decision to per- 
form endoscopy is often difficult. 

In this study the use of symptoms and plain radiograph 
to diagnose fish bone lodgment had been examined. Pre- 
diction of the presence of fish bones was poor, except for 
the sharp pricking sensation on swallowing. However, as 
an indicator for endoscopy, this last symptom still failed 
to indicate the need for endoscopy in 3 of 31 patients with 
documented fish bone lodgment. 

Symptoms and plain radiograph, however, could be 
used to guide the steps of endoscopic examination in pa- 


TABLE 2. Prediction of Fish Bone Presence 
by Symptoms and Plain Radiograph 


Predictive 

Symptom Sensitivity Specificity Value 
Foreign body sensation 0.94 0.06 0.31 
Pain on swallowing 0.83 0.21 0.24 
Rest pain 0.71 0.30 0.44 
Blood-stained saliva 0.13 0.73 0.20 
Sense of obstruction 0.25 0.71 0.42 
Sharp pricking sensation* 0.90 0.74 0.76 
Plain radiograph} 0.32 0.91 0.66 





* Number of patients evaluated, 65. 
t Number of patients evaluated, 310. 
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TABLE 3. Duration of Symptom Versus Yield of Fish Bone Retrieval 


Duration of Symptom Yield (%) 
More than 12 hours 60 
12 to 24 hours 38 
24 to 48 hours 32 
3 to 7 days 20 
More than | week 0 





tients who complained of fish bone ingestion. As, when 
a fish bone was present, the site of symptom correlated 
well with the site of lodgment, one should start the ex- 
amination on the symptomatic side, with special attention 
paid to the specific area about which the patient com- 
plained. Because plain radiograph was highly specific for 
fish bone lodgment, when the radiograph was positive, 
one could place the forceps into the working channel of 
the endoscope before the examination. Using this modi- 
fication on patients with positive radiographs would surely 
reduce discomfort caused to the patient and prevent in- 
advertent dislodgment during insertion of the forceps into 
the endoscope, which is inside the patients’ pharynx. 

Most (67.5%) of the bones were lodged either in the 
oral cavity or oropharynx. Among them, 26.6% could be 
retrieved directly without endoscopy, making oral ex- 
amination a mandatory initial step in the management. 
Combined with endoscopy, this initial treatment strategy 
had satisfactorily dealt with 115 of 117 fish bones lodged 
in the upper digestive tract with a short hospital stay and 
low morbidity. 

Fish bones in the hypopharynx were commonly asso- 
ciated with difficulty. Dislodgment, lengthy procedure, 
failure, and mucosal tear during endoscopic retrieval were 
not uncommon. Therefore endoscopy for these bones 
should be undertaken with extreme care and rigid laryn- 
goesophagoscopy under general anesthesia should be 
considered once difficulty is encountered. Because tri- 
angular fish bones are commonly lodged in this area and 
have been associated with high-risk endoscopy, these 
bones, which are usually radio-opaque, when detected by 
radiographs should be managed by rigid laryngoesopha- 
goscopy. 

Ninety-six of three hundred two (31.8%) patients who 
received endoscopy had fish bone lodgment. Among the 
35 patients who refused endoscopy, only 1 (2.8%) devel- 
oped complications from fish bone lodgment in the ab- 
sence of further treatment. Assuming that the incidence 
of fish bone lodgment to be the same in both groups of 
patients, we may justly suspect that most of the fish bones 
would be dislodged and passed. Further support to this 
observation is that the yield of fish bone detection related 
inversely with the duration of fish bone ingestion. Yet 
judging from the assurance and relief to the patient by 
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the removal of bone, and from the potential formidable 
complications related to fish bone ingestion, flexible en- 
doscopy is indicated for all symptomatic patients who 
gave a history of fish bone ingestion. 

In conclusion, for all patients complaining of ingestion 
of fish bones, we recommend flexible endoscopy under 
local pharyngeal anesthesia when oral examination fails 
to detect the fish bone, regardless of symptoms and ra- 
diographic findings. Careful documentation of symptoms 
and plain lateral radiographs of the neck are useful because 
the technique of endoscopy could be modified according 
to individual cases. When the bone is lodged in the hy- 
popharynx, rigid laryngoesophagoscopy with general 
anesthesia should be considered. In these 358 patients, 
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we have shown that this is a safe, effective, and economic 
algorithm in the management of patients after suspected 
fish bone ingestion. 
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In laboratory models of massive small bowel resection and col- 
ectomy, intestinal myotomy has been shown to decrease stool 
frequency and malabsorption. Using physiologic and anatomic 
parameters of gastrointestinal function, we assessed the ability 
of three types of ileal myotomies to improve outcome after total 
abdominal colectomy, mucosal proctectomy, and endorectal pull- 
through (ERPT) without an enteric reservoir. Twenty puppies 
underwent ERPT. These dogs were randomly assigned to three 
experimental groups or a control group consisting of animals 
without a myotomy. The myotomies were performed by excising 
the serosa and muscularis propria of the ileal wall in three dif- 
ferent patterns. There was no difference between any of the 
groups with respect to general health, postoperative weight gain, 
stool frequency, intestinal transit time, water absorption, elec- 
trolyte absorption, barium enemas, neorectal capacity and di- 
mensions, and histology. 


N 1947 RAVITCH AND SABISTON described the tech- 

nique of mucosal proctectomy and endorectal ileal 

pull-through (ERPT) in dogs' and later in nine pa- 
tients with familial polyposis coli and ulcerative colititis.”* 
This procedure initially fell into disrepute but was rein- 
troduced by Martin in 19774 and since then has gained 
increasing acceptance as a reliable and safe alternative to 
a permanent Brooke ileostomy or Koch pouch in these 
patients.°° Significantly increased stool frequency, es- 
pecially in the first postoperative months, prompted many 
investigators to construct ileal reservoirs to improve this 
frequency and urgency.’~’ The results with these reservoirs 
has generally been good; however they are associated with 
a number of disadvantages, including the use of 15 to 45 
cm of healthy bowel, more technically demanding oper- 
ations, and greater morbidity associated with long enteric 
suture lines. These factors have encouraged us to continue 
to use a straight pull-through without a reservoir at the 
cost of a slightly greater early stool frequency.'? Recent 
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studies from our laboratory have confirmed no difference 
in multiple physiologic parameters of gastrointestinal 
function between the straight pull-through and the pull- 
through with various reservoirs in dogs.'! 

We hypothesized that an intestinal myotomy might de- 
crease early postoperative diarrhea while maintaining the 
simplicity of the straight ERPT. This has been successful 
in controlling diarrhea and malabsorption in laboratory 
models after massive small bowel resection,'*~'> total ab- 
dominal colectomy and ileoproctostomy,'® and total ab- 
dominal colectomy, mucosal proctectomy, and ERPT.!’ 
We tested this hypothesis in a canine model by using 
physiologic and anatomic parameters of gastrointestinal 
function, including general health, weight gain, stool fre- 
quency, intestinal transit time, water absorption, electro- 
lyte absorption, barium enemas, neorectal capacity and 
dimensions, and histopathologic examination. 


Materials and Methods 


Twenty conditioned puppies (4 months old) were ran- 
domly assigned to each of four groups. The dogs under- 
went a total abdominal colectomy and mucosal proctec- 
tomy with endorectal pull-through in a manner previously 
described.'' Antibiotics (250 mg ampicillin and 10 mg 
kanamycin) were given by mouth every 6 hours for 24 
hours before the procedure. Immediately before the pro- 
cedure the animals underwent mechanical bowel prepa- 
ration with soap water followed by betadine enemas until 
the effluent was clear. Chloramphenicol (10 mg subcu- 
taneously) was given before operation and the animals 
were anesthetized with xylazine (2.5 mg/kg subcutane- 
ously) and sodium pentobarbitol (20 mg/kg intrave- 
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nously). The animals were endotracheally intubated and 
mechanically ventilated during the procedure. Under 
sterile conditions a total abdominal colectomy was per- 
formed. The colectomy was carried down to the peritoneal 
reflection of the rectum and a mucosal proctectomy was 
extended to the dentate line. The rectal mucosectomy was 
performed through the laparotomy incision and the mu- 
cosa was everted through the anus. The distal ileum was 
anastomosed to the dentate line of the anus with absorb- 
able sutures. No drains were placed. 

The experimental groups are outlined in Figure |. My- 
otomies were performed by removing the serosa and 
muscularis propria of the ileal walls, thus allowing the 
submucosa and mucosa to pout through. Circular my- 
otomies were constructed by the excision of |-cm strips 
of the longitudinal and circular muscle and the serosa. 
These myotomies were placed | cm apart with the most 
distal myotomy | cm from the ileoanal anastamosis. They 
extended along 75% of the circumference of the bowel 
wall. The longitudinal myotomies were placed at 90, 180, 
and 270 degree angles with respect to the mesenteric sur- 
face of the ileum and were 5 cm long and | cm wide. The 
third experimental group (window myectomy) underwent 
removal of the serosa and muscularis propria from 180 
degrees of the circumference of the bowel wall extending 
from 90 degrees to 270 degrees of the wall with respect 
to the mesenteric surface. This myectomy was 5 cm long. 
In each case the integrity of the ileal wall was ensured 
before closure and the myotomy or myectomy was totally 
contained within the rectal muscular cuff. 

The general health, stool consistency, perineal excoria- 
tion, hydration status, and body weight were assessed be- 
fore operation and weekly after the operation. Stool fre- 
quency, gastrointestinal transit times, water absorption, 
and electrolyte absorption were also analyzed at monthly 
intervals. Barium enemas were performed on all animals 
6 months after the operation. The volume of the neorec- 
tum was directly measured 6 months after operation. The 
gross and microscopic features of the pull-through ter- 
minal ileum were studied. 

The intestinal transit time was defined as that time re- 
quired for a bolus of food to pass from the mouth of the 
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dog through the anus. The animals were fed a can of reg- 
ular dog food containing 10 g of charcoal per can. The 
dogs were observed until the charcoal was noted to pass 
in the stool. 

The stool frequency was measured by direct counting 
of bowel movements during an 8-hour period. 

Deuterium oxide (D-0) absorption has been found to 
be a good reference for gastrointestinal water absorp- 
tion.'*:!9 D,O (2.5 mL/kg) was placed into the stomach 
of each animal with an orogastric tube. Blood samples 
were drawn for DO analysis before and 3 hours after the 
administration of the D,O.'' After double-vacuum, freeze 
distillation of the serum to remove solutes and impurities, 
the serum distillates were analyzed for D,O concentration 
by the falling drop method and mass spectroscopy.7” 

The following formula was used to calculate percentage 
of D,O absorption: 


[D20g)post i (D20,)prel X 0.7 X wt(kg) 
[D20 administered 


where (D203 )post and (D2O,)pre are serum concentrations 
of D,O after and before the administration of DO (total 
body water), and DO administereg IS the amount of D,O 
given by mouth, 0.7 X weight in kilograms is the approx- 
imate volume for distribution of D,O (total body water), 
and D,O administered is the amount of D,O given by 
mouth. 

Sodium bromide absorption parallels the gastrointes- 
tinal absorption of sodium chloride.*!~*> Five per cent 
sodium bromide (4 mL/kg) was administered into the 
stomachs of the dogs through an orogastric tube. Blood 
samples were obtained before and 3 hours after the inges- 
tion of the sodium bromide. Serum bromide was analyzed 
by a spectophotometric technique.” The percentage ab- 
sorption was calculated using the following formula: 


[(Brs)post — (Brs)pre] X 0.35 X wt(kg) 


[Br] sdministessa 


x 100 


x 100 


where [Br,]post and the [Br,],,. are serum concentration of 
bromide before and after oral administration, 0.35 
X weight in kilograms is the volume of distribution of Br, 
and [Br]aaministerea 18 that amount given by mouth. 
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Barium enemas with fluoroscopy were obtained 6 
months after the operation. The neorectal pouch was 
measured at the second coccygeal body in each dog. This 
corresponded to the top of the rectal cuff as marked by 
metal clips at operation. Anteroposterior and transverse 
diameters were measured at this point. The ileum and 
neorectum were inspected for evidence of stricture, ob- 
struction, leak, fistula, and proximal ileal dilatation. 

Six months after ERPT all dogs underwent laparotomy 
with inspection of the pelvis for evidence of abscess and 
dilation of the neorectum or ileum proximal to the 
sphincter. The endorectal pouch was dissected free from 
surrounding tissues, leaving the rectal muscular coat with 
the ileum. The pulled-through ileum was then washed 
clean of feces and the anus was closed with a purse-string 
suture. The ileum was divided 5 cm above the top of the 
endorectal cuff. This was then distended with normal sa- 
line at 30 cm of water pressure and pouch capacity was 
measured. The distended pouch was then fixed with for- 
malin (10% solution).!° 

Histologic evaluation of the neorectum, rectal mus- 
culature, and anus was performed using light microscopy. 
Inflammation, pouchitis, and strictures were looked for 
specifically. The integrity of the muscular layers of the 
bowel wall was also noted. 

Analysis of variance was used to examine the means 
of the experimental groups for statistical significance, 
which was assigned at the 95% confidence level. 


Results 


There were no consistent differences in the general 
condition, perineal excoriation, and stool consistency 
among any of the experimental groups. In each case the 
stool became semi-solid within | month of the operation. 
No animal became dehydrated after operation secondary 
to diarrhea. Defecation behavior was abnormal in all an- 
imals initially; however, within 2 months after operation 
defecation became normal in all but two dogs. 

All dogs experienced perineal excoriation early in the 
postoperative course. As the stool became semi-solid this 
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FIG. 2. Postoperative weight gain. 
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FIG. 3. Postoperative stool frequency after colectomy and ERPT. 


resolved in all but four dogs. These dogs continued to 
have perineal exoriation even 6 months after operation. 

All dogs experienced consistent weight gain after an 
initial decline immediately after operation (Fig. 2). By | 
month after operation the average weight gain was 8%. 
This increased to 16% per month between 3 and 6 months. 
There were no statistically significant differences in weight 
gain between the myotomy groups and the straight pull- 
though group or within the myotomy groups themselves. 

Stool frequencies rose after operation to a mean of 17 
stools per 8-hour period (Fig. 3). The frequency stabilized 
within | month after operation. Although a general de- 
crease in the stool frequency was noted during the period 
of observation, this did not approach statistical signifi- 
cance (average: | month = 16.75, 3 months = 14.5, 6 
months = 14.25 stools per 8-hour period.) No myotomy 
was clearly superior to the others or the straight pull- 
through. 

Gastrointestinal transit time dropped markedly after 
the procedure (Fig. 4). The transit times decreased 65% 
at 1 month and changed little over the next 6 months. 
There were no differences between any of the myotomy 
groups or the straight pull-through. 

NaBr absorption was used as a marker of NaCI ab- 
sorption. There were no significant differences in the ab- 
sorption of NaBr between any of the experimental groups 
at any time after operation, (p > 0.05; Fig. 5). 
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FIG. 4. Gastrointestinal transit time after colectomy and ERPT. 
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Fic. 5. Absorption of NaBr from the gastrointestinal tract after colectomy 
and ERPT. 


D,0 absorption has been shown to be a good reference 
for water absorption. There were no significant differences 
in the absorption of this isotope at 2, 4, and 12 weeks 
after operation (Fig. 6). Both before operation and 6 
months after operation the straight pull-through group 
absorbed significantly more D2O then the other groups, 
(p < 0.05). 

The dimensions of the neorectum were measured with 
two methods. Neorectal volume was estimated 6 months 
after operation by measuring the volume of water accepted 
by the neorectum after occluding the bowel 5 cm above 
the rectal muscular cuff. The capacity varied from 22 to 
30 mL and there was no significant difference between 
the three myotomy groups (Fig. 7). 

The neorectal dimensions were also assessed using 
roentgenographic measurements of anteroposterior and 
transverse diameters of the terminal ileum with barium 
enemas (Fig. 8). Again there were no differences between 
the three myotomy groups. The neorectal dimensions of 
the animals with myotomies were significantly smaller 
than the rectal dimensions of normal dogs. The dimen- 
sions of the straight ERPT without myotomy was between 
these groups in that it was not different from the the un- 
operated controls and was not significantly different from 
the myotomy groups. 

Barium enemas (Fig. 9) confirmed the absence of prox- 
imal dilation. Also there was no evidence of stricture, fis- 
tula, or abscess formation. 
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FIG. 6. Absorption of deuterium oxide from the gastrointestinal tract 
after colectomy and ERPT. 
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FIG. 7. Neorectal capacity (direct measurement) 6 months after colectomy 
and ERPT. 


Postmortem gross inspection of the terminal ileum/ 
neorectum demonstrated no abnormalities. There was no 
evidence of pelvic or perineal sepsis. None of the animals 
had cuff abscesses to suggest a leak from the myotomy 
site. There was no inflammation of the mucosa on either 
gross or microscopic examination to suggest pouchitis 
(Fig. 10). In all myotomy groups there was absence of the 
ileal muscularis propria and serosa on histologic exami- 
nation. The ileal submucosa was fused with the rectal 
muscular wall of the cuff. 


Discussion 


Successful treatment of familial polyposis coli and 
chronic ulcerative colitis is afforded by total proctocolec- 
tomy and end ileostomy. However many patients are dis- 
satisfied with a permanent abdominal stoma. Because of 
this, alternatives to an end ileostomy have been developed; 
however a common unsatisfactory feature of these has 
been high stool frequencies and diarrhea, especially in the 
first postoperative months. In a study by Morgan, Man- 
ning, and Coran,'° the mean stool frequency 3 months 
after the procedure was 11.8 stools per day. This decreased 
to 9.6 and later to 8 stools per day at | and 3 years, re- 
spectively. However to many patients this still represents 
a significant handicap, although this has been almost uni- 
formly preferred to an abdominal stoma. 
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FiG. 8. Anteroposterior and transverse diameters of the neorectum 6 
months after colectomy and ERPT as measured by barium enema. 
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FiG. 9. Barium enema 6 
months after colectomy and 
ERPT. There is no consistent 
dilatation of the terminal 
ileum to suggest reservoir 
formation. The arrowheads 
mark the extent of the rectal 
cuff and pulled-through 
ileum. 


After Kock’s?’ addition of an ileal reservoir to a stan- 
dard Brooke ileostomy, modifications of this technique 
have been applied to the ERPT to reduce high postop- 
erative stool frequencies. Despite the introduction of many 
varieties of intestinal reservoirs, none have clearly emerged 
as superior to the others. This led to a study in our lab- 
oratory that demonstrated that in a canine model there 
were no significant advantages of either the J-pouch, lat- 
eral isoperistaltic pouch, or the S-pouch over a straight 
ERPT without a reservoir.'' The advantages of the latter 
include technical simplicity and avoidance of long enteric 
suture lines. 

Operative techniques to lower stool frequency using 
artificial intestinal sphincters have been applied in animal 
experiments of massive small bowel resection, !>!>!5 col- 
ectomy with ileoproctostomy'® and total abdominal col- 
ectomy, mucosal proctectomy, and ERPT.! Glassman7® 
created an artificial ileocecal valve in dogs after ileoco- 
lostomy and noted that this improved the general health 
of the animals as compared to controls. Schiller!”!? pro- 
duced artificial sphincters by removing the outer longi- 
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tudinal muscular layer of the small bowel. It was hypoth- 
esized that this would permit unrestricted contraction of 
the inner circular layer, thus recreating the mechanism 
of a sphincter and reducing the rate of intestinal flow in 
dogs after massive enterectomy. Also he noted that the 
myotomy removed the myenteric plexus, thus creating a 
localized segment of aganglionic bowel. He found that 
the artificial sphincter increased survival time, decreased 
intestinal transit time, and decreased weight loss. Schiller, 
in replying to a paper by Richardson and Griffith,'* stated 
that he had studied intraluminal pressure within the 
sphincter and found it to be higher than in the surrounding 
bowel, thus supporting his theory of the formation of this 
sphincter. Richardson and Griffith'* studied this sphincter 
in dogs after massive small bowel resection and found 
that the muscle ablation sphincter improved absorption 
of fat and carbohydrates and reduced the bacterial over- 
growth within the remaining intestine. Stacchini et al.'° 
further modified Schiller’s technique by removing the 
longitudinal muscle from a 1-cm area of small intestine 


along its entire circumference. He also demonstrated im- 
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FIG. 10. Histologic examination of the neorectum. The ileal mucosa is normal and the muscularis propria and serosa have been removed allowing 
apposition of the ileal submucosa and the rectal muscular cuff. The arrows mark the junction of the rectal muscularis propria (marked by the letter 
“R”) with the pulled-through ileum. The ileal muscularis propria is marked by the letter “I”. This histologic section was taken through a myotomy 


and demonstrates the absence of ileal muscularis propria in this region. 


proved weight gain in dogs after massive small bowel re- 
section. 

O'Malley et al.'’ performed a 20-cm longitudinal my- 
otomy in the ileum just above the peritoneal reflection in 
dogs after total abdominal colectomy, mucosal proctec- 
tomy, and ERPT. He hypothesized that the myotomy 
would allow for distention of the distal ileum, which could 
then function as a reservoir. It was also hoped that the 
myotomy would dampen peristalsis through the myotomy 
segment. He demonstrated the maintenance of weight af- 
ter operation, water and electrolyte absorption, and stool 
frequency equal to that after a J-pouch. 

Aly and Fonkalsrud,”’ using a 15-cm longitudinal my- 
otomy in dogs after abdominal colectomy with ileosig- 
moid anastomosis demonstrated no distention of the my- 
otomized segment and thus believe that this technique 
had little application in the treatment of patients under- 
going ERPT when studied 4 months after operation. 

We have studied extensively three different types of 
myotomies and demonstrated no differences in multiple 
physiologic parameters of bowel function after ERPT. 


Similarly anatomic assessment with direct measurement 
Pd 


and barium enemas failed to demonstrate the consistent 
formation of a reservoir proximal to the anus by 6 months 
after operation. We could not demonstrate any benefit of 
the addition of an intestinal myotomy to a straight ERPT. 
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Tumor necrosis factor (TNF) is a cytokine that mediates many 
of the metabolic responses after endotoxemia, septicemia, and 
tissue injury. The effect of TNF on testicular function was de- 
termined in a series of studies in which rhTNF (0, 2, and 4 X 10° 
units/kg/24 hours) was administered by continuous infusion to 
male Wistar rats maintained on total parenteral nutrition ade- 
quate for growing rats. Testicular weight and histology, and 
plasma luteinizing hormonr (LH), follicle-stimulating hormone 
(FSH), and testosterone levels were determined at 1, 3, and 6 
days. Testicular weight decreased within 24 hours and this was 
associated with a fall in plasma testosterone and increased LH 
and FSH levels. These changes persisted for 6 days, indicating 
a loss of testosterone-mediated negative feedback on gonadotro- 
pin release. Histologic examination demonstrated significant 
damage to the germ cells in the adluminal compartment of the 
seminiferous epithelium; extensive exfoliation of spermatocytes 
and spermatids occurred at day six. However the primary sper- 
matogonia in the basal compartment were relatively spared. 
Damage to the seminiferous epithelium at earlier times was noted 
in some tubules. The decrease in testosterone concentration and 
increase in gonadotropin levels suggest that TNF interferes with 
Leydig cell function. Germ cell damage may be a direct effect 
of TNF on these cells or may occur through secondary mecha- 
nisms involving Leydig or Sertoli cell dysfunction. 


HYSICAL STRESS, INJURY, and illness stimulate the 

hypothalamic-pituitary-adrenal (HPA) axis, re- 

sulting in the elaboration of glucocorticoids. 
However with stress the hypothalamic-pituitary-gonadal 
axis is also affected and plasma testosterone decreases after 
prolonged immobilization stress,’ surgery under general 
anaesthesia,” and burn trauma.** The mechanisms that 
produce these effects are unclear but could occur through 
two major points of regulation: first glucocorticoids or 
other factors could inhibit testicular testosterone produc- 
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tion, thus causing primary hypogonadism; alternatively 
the stress response could affect hypothalamic-pituitary 
function and thus inhibit the release of luteinizing hor- 
mone (LH).° 

Many of the pathophysiologic events that occur during 
critical illnesses are due to the effects of cytokines, inflam- 
matory mediators produced by cells of the reticuloen- 
dothelial system, activated lymphocytes, and other cell 
types. One such cytokine, tumor necrosis factor (TNF), 
is a major mediator of septicemia and endotoxemia, 
causes stimulation of the HPA axis and has significant 
effects on the metabolism of trace minerals, carbohydrates, 
lipids, and proteins.’ While studying the effects of chronic 
TNF administration on male rats, we noticed marked tes- 
ticular atrophy. Subsequent studies demonstrated specific 
effects of TNF on testicular structure and function. Spe- 
cifically TNF decreases plasma testosterone and causes 
disruption of the germ cell epithelium. These changes may 
have specific effects on reproductive function during crit- 
ical illness. In addition the decrease in testosterone may 
contribute to the catabolic responses associated with crit- 
ical illnesses. 


Materials and Methods 
Animal Preparation 


Eighty male Wistar rats weighing 175 to 200 g were 
obtained from Charles River Laboratories (Wilmington, 
MA) and acclimatized to standard laboratory conditions 
for 5 days. They had free access to Purina™ rat chow (Pur- 
ina Mills. Inc.. St. Louis, MO) and water, and were housed 
individually in wire-bottomed metabolic cages (Lab 
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Products, Inc., Maywood, NJ) in a constant-temperature 
environment with a 12-hour light/dark cycle (light cycle, 
7:00 A.M. to 7:00 P.M.). Before each study they were ran- 
domly allocated into three treatment groups and animals 
from each group were simultaneously studied. 

On day 0, the rats were anesthetized with sodium pen- 
tobarbital (50 mg/kg, Nembutal™, Abbott Laboratories. 
North Chicago, IL), weighed, the hair shaved from the 
interscapular and the abdominal regions, and the skin 
prepared with Clinidine Solution™ (The Clinipad Corp., 
Guilford, CT). Central venous catheters (internal diameter 
0.0762 cm and external diameter 0.165 cm; Silastic™ Dow 
Corning Midland, MI) were inserted under sterile con- 
ditions. The catheter was secured in the external jujular 
vein with a double purse-string suture and tunneled sub- 
cutaneously to the interscapular region where it was 
threaded through a metal sheath attached to a swivel de- 
vice (Instech Labs, Horsham, PA), which allowed free 
movement of the rat during the study period. The stain- 
less-steel button of the metal sheath was secured to the 
deep fascia with sutures. 


Study Protocol 


After operation the animals received an intravenous 
infusion of 0.9% saline, 25 mL/24 hours, and the next 
day a standard total parenteral nutrition (TPN) solution 
was begun. The nutrient mixture contained adequate cal- 
ories and nitrogen for growing rats (46 Kcal of nonprotein 
calories and 0.47 g nitrogen/rat/24 hours) and was ad- 
ministered at a constant infusion rate of 48 mL/24 hours.® 
Three treatment groups were studied: the control group 
received the TPN solution alone (TNF 0 group), and two 
TNF groups who received either 2 or 4 X 10° units TNF/ 
kg rat/24 hours added to the TPN solution (TNF 2 and 
TNF 4 groups, rhTNF, Asachi Chemical Industry Inc., 
New York, NY). Previous studies have demonstrated no 
loss of bioactivity of TNF during 24 hours when added 
to the TPN solution. The rats were allowed to drink water 
ad libitum. Following 1, 3, and 6 days of infusion animals 
were killed by intraperitoneal sodium pentabarbitol (75 
mg/kg) and blood was collected by cardiac puncture into 
heparinized tubes, centrifuged at 4000 rpm, and plasma 
stored at —70 C. Immediately after exsanguination the 
left testis was removed and weighed and the right testis 
was removed and processed for histologic examination. 


Analytical Procedures—Histologic Preparation 


Immediately after removal the right testis was diced 
into 1-mm cubes and placed in 3% glutaraldehyde in cac- 
odylate buffer (0.2 m; ph 7.4) for 30 minutes. The tissue 
fragments were then washed three times in cacodylate 
buffer for 20 minutes each. The tissue was embedded in 
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paraffin wax and stained with hematoxylin and eosin for 
light microscopic examination. 


Hormone Assays 


Testosterone, follicle-stimulating hormone (FSH), and 
LH were measured by radioimmunoassay (RIA). Plasma 
testosterone RIA was based on a modification of the 
method of Challis et al.? FSH was expressed in terms of 
the NIDDK rFSH-RP, standard and LH was expressed 
in terms of the NIDDK rLH-RP; standard. All samples 
were run concurrently, eliminating interassay variation. 
The intra-assay variation was 6.4%, 7.3%, and 9%, re- 
spectively, and the assay limits were 20 pg/mL, 300 pg/ 
mL, and 2.5 pg/mL, respectively, for LH, FSH, and tes- 
tosterone. 


Statistical Methods 


Results are expressed as mean + SEM. One-way AN- 
OVA was used for comparison of means at a single time 
point and two-way ANOVA was used to examine group 
effects with time. The Dunnett t test was used for post 
hoc comparisons when necessary. Differences were con- 
sidered significant when p values were less than 0.05. 


Results 
Testicular Weight 


Testicular weight decreased in the animals receiving 
TNF, in a dose-dependent fashion (p < 0.006). Decreased 
testicular weight was observed in both the low- and high- 
dose TNF groups in comparison to the control group. 
These changes occurred after | day of TNF infusion and 
persisted for the duration of the study (Fig. 1). 


Hormones 


Plasma testosterone decreased rapidly after 24 hours of 
TNF infusion (p < 0.0005; Fig. 1). With TNF exposure 
plasma testosterone levels at the 3- and 6-day periods were 
frequently lower than the range of assay detection. LH 
levels increased after 1 day of TNF infusion (p < 0.005) 
and FSH levels also increased in the TNF groups. However 
only the high-dose TNF significantly elevated FSH in 
comparison to the controls at day 6 (p < 0.005). 


Histology 


Significant destruction of the spermatogenic cells oc- 
curred with TNF infusion (Fig. 2). Extensive exfoliation 
of spermatogenic cells was observed in the adluminal 
compartment, affecting all developing spermatocytes and 
spermatids. Accumulation of dead cells and debris was 
evident and obliterated the lumen in many sections. These 
changes appeared to be dependent on TNF dose. The 
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FIG. 1. Effect of TNF on the pituitary-testicular axis. Testis weight and 
plasma testosterone, LH and FSH in control saline-infused (TNF 0), 
and low and high dose TNF-infused groups (TNF 2 and TNF 4), at 1, 
3, and 6 days. Results are expressed as mean + SEM. p values represent 
group effects over time and the asterisk refers to a significant TNF 4 s 
TNF 0 group effect at day 6. 


majority of tubules were affected after 6 days of TNF in- 
fusion. High-dose TNF eliminated all of the testicular 
sperm and the majority of spermatids at all stages of dif- 
ferentiation. At earlier times identical effects were ob- 
served in 5% to 10% of tubules. Spermatogonia found in 
the basal compartment below the Sertoli cell tight junc- 
tions appeared resistent to the destructive effects of TNF. 
However increased vacuolization in the basal epithelial 
compartment surrounding the spermatogonia was noted 
at day 6 in animals receiving the high-dose TNF infusion. 
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Although Sertoli and Leydig cell morphology are dif- 
ficult to assess with the light microscope, counts of Sertoli 
cell nuclei did not appear to be decreased and no signif- 
icant alterations were observed in Leydig cell numbers in 
the TNF-infused animals. 


Discussion 


Tumor necrosis factor has significant detrimental effects 
on testicular structure and function. The primary sper- 
matogonia in the basal tubular compartment below the 
Sertoli tight junctions were relatively resistent to TNF 
effects, whereas spermatocytes and maturing spermatids 
within the adluminal compartment above the tight junc- 
tions were severely affected. Sertoli cell tight junctions 
exclude molecules exceeding approximately 10,000 dal- 
tons and probably exclude TNF (17,000 daltons molecular 
weight) from the adluminal compartment. Thus damage 
to the late germ cells may have occurred, due to increased 
sensitivity of these cells to TNF, after TNF passage through 
the supporting Sertoli cells. Alternatively late germ cell 
damage may be secondary to TNF-induced changes in 
Sertoli cell function. 

No obvious light microscopic changes were observed 
in either the Leydig or Sertoli cell populations. Leydig 
cell number appeared unaltered, despite the rapid decrease 
in testosterone levels that occurred within 24 hours of 
TNF exposure. To detect fine details of Sertoi cell struc- 
ture, ultrastructural analysis must be used, particularly to 
examine the integrity of the inter-Sertoli cell tight junc- 
tions that are located immediately above the basally lo- 
cated spermatogonia. Structural maintenance of these oc- 
cluding junctions would likely prevent access of TNF to 
differentiating spermatocytes and spermatids. Intact sem- 
iniferous tight junctions, therefore, would strongly im- 
plicate a direct effect of TNF on Sertoli cells or, less likely, 
the passage of this cytokine through the Sertoli cells with 
resultant damage to germ cells located adluminally. Pre- 
liminary electron microscopic observations indicate that 
at least some of these tight junctions remained intact after 
TNF treatment (unpublished observations). However 
precise assessment of the integrity of these tight junctions 
would require testicular perfusion with tracer molecules 
such as lanthanum or freeze-fracture analysis of the sem- 
iniferous epithelium after TNF exposure. 

Studies in hypophysectomized animals indicated that 
disruption of the pituitary-testicular axis can lead to germ 
cell atrophy.'®'' It is possible, therefore, that the decreased 
testosterone levels observed in these experiments gave rise 
to destruction of developing sperm. However the temporal 
sequence of histologic changes in this study occurred much 
more rapidly than those described in hypophysectomized 
animals.'”'' Furthermore studies in hypophysectomized 
animals demonstrated comparable destruction of both 
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FIGs. 2A-C. Histological sections of rat testis following TNF infusion. (A) Saline-infused control testis at 6 days. Additional samples, exposed to 
TNF for 6 days, illustrate effects caused by TNF 2 (B) and TNF 4 (C), respectively (magnification X360, reference bar = 50u). Extensive exfoliation 
of spermatogenic cells in the adluminal compartment of the seminiferous tubules is evident. Cells affected include spermatocytes (CS), with few 
spermatids (SP) surviving TNF exposure. Spermatogonia (SG), in the basal compartment, appear less affected, although increased vacuolization 
surrounding these cells is noted in TNF 4 samples. Leydig cells (L) do not seem to be significantly affected at this level of analysis. Sertoli cell nuclei 


(arrow head) also are not diminished. 


primary spermatogonia and late germ cells. In our studies 
the predominant TNF effect occurred almost exclusively 
on the late germ cells. It is likely that the adluminal de- 
struction of the spermatocyte and spermatid populations 
is due to the direct effects of TNF and not secondary to 
changes in circulating androgen and gonadotropin levels. 

Tumor necrosis factor production is stimulated by en- 


dotoxin; therefore administration of endotoxin should 
induce similar changes in testicular structure and func- 
tion.'? In fact Tulassay and colleagues"? have demon- 
strated that a single intraperitoneal injection of endotoxin 
significantly decreased testis weight and inhibited matu- 
ration of spermatocytes. These investigators found that 
this effect was reversible and that the primary spermato- 
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gonia were also relatively resistence. Christeff and 
coworkers'* demonstrated that a sublethal intravenous 
injection of endotoxin increased plasma estrogen and de- 
creased testosterone in male rats; these responses were of 
rapid onset with maximal effect within 2 hours. Because 
the effects after endotoxin administration are similar to 
our observations, it is likely that they are mediated by 
TNF elaboration. 

Increased glucocorticoids may cause primary hypogo- 
nadism and diminish androgen production. Tumor ne- 
crosis factor acutely elevates corticorticoid levels;'*'® 
hence TNF effects on the testes could be secondary to 
glucocorticoid elaboration. General anesthesia,’ burn in- 
jury,**'’ and immobilization stress! all lead to both de- 
creased testicular and adrenal androgen production and 
increased adrenal glucocorticoid output. Dolecek and 
colleagues!” also demonstrated that plasma LH levels were 
elevated in combination with diminished testosterone af- 
ter burn trauma, thus resulting in a similar hormone pat- 
tern to that observed after TNF infusion. Bambino and 
Hsueh° demonstrated that glucocorticoids directly inhib- 
ited testicular LH receptor content and steroidogenesis in 
vivo and in vitro. A regulatory role for glucocorticoids is 
further supported by the demonstration that glucocorti- 
coid receptors are present on interstitial cells and dexa- 
methasone leads to decreased testosterone production af- 
ter human chorionic gonadotropic stimulation.'* However 
major destruction of the germ cell epithelium as dem- 
onstrated in our studies has not been associated with in- 
creased glucocorticoid production. Therefore it is unlikely 
that the histologic changes and diminished testicular 
weight observed in this study can be explained by TNF- 
induced adrenal stimulation. 

Tumor necrosis factor could cause secondary hypo- 
gonadism through disruption of the hypothalamic-pitu- 
itary-gonadal axis. Although TNF acutely stimulates the 
HPA axis, it is not known whether TNF stimulates the 
release of adrenocorticotrophic (ACTH) in the anterior 
pituitary directly, or indirectly via corticotropin-releasing 
factor production (CHR). Recent evidence suggests that 
TNF (or even an unknown intermediate) may directly 
stimulate pituitary ACTH release!®”° without stimulation 
of the central nervous system.”' It is not known whether 
CRH and £-endorphin (BEP), two central mediators of 
the stress response known to influence the pituitary release 
of LH, are affected by TNF. Rivier and colleagues?” have 
demonstrated that increased CRH inhibited LH release, 
most likely by inhibiting gonadotropic-releasing hormone 
(GnRH) release into the portal circulation. This effect is 
seen in adrenalectomized animals.”” Opiate agonists also 
have been implicated in the suppression of LH release.”° 
Interestingly bacteremia, which is a potent stimulant of 
BEP, has also been shown to decrease LH release.” Gin- 
doff and colleagues”? and Ferin*° have suggested that 
CRH-induced inhibition of LH release in the primate is 
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regulated by endogenous opioid peptides. It is not known 
whether TNF increases BEP levels in either the hypo- 
thalamus or the pituitary, although it is of interest that 
BEP and ACTH in the pituitary are both derived from a 
common precursor, pro-opiomelanocortin (POMC).?’ 
However, if these mediators of the stress response lead to 
inhibition of LH release, it appears that the loss of tes- 
tosterone-induced negative feedback overcomes this effect 
and gives rise to the elevated LH and FSH levels observed 
in this study. 

The messenger RNA’s encoding CRH, POMC, and 
several opioid peptides, including SEP, are also found lo- 
cally in rat epididymis, Leydig, and germ cells.2°-*° Al- 
though the function of these peptides is not clear, they 
may suppress testosterone production by the Leydig cell 
and regulate Sertoli cell growth.*' A regulatory role for 
POMC peptides in the testes is supported by the obser- 
vation that CRH stimulates 6-endorphin secretion by rat 
Leydig cells in culture.** Recently Rivier and Vale?’ have 
demonstrated that Interleukin-1 alpha (Il-1), another cy- 
tokine that, although structurally disimilar to TNF has 
many overlapping biological effects, inhibits reproductive 
function at the level of the hypothalamus and the gonads. 
They speculate that because Il-1 stimulates POMC in the 
pituitary it may also have similar effects on gonadal 
POMC. Likewise TNF may stimulate gonadal POMC and 
exert some of the effects demonstrated in this study via 
opioid peptide release. 

Spratt and colleagues** demonstrated that plasma LH 
can remain normal or increase in association with falling 
testosterone levels in critically ill men, and have suggested 
that hypoandrogenemia may be due to both gonadal and 
hypothalamic-pituitary effects that may be dissociated in 
time. Our results seem to be compatible with these find- 
ings. Apparently TNF has direct effects on the testis, caus- 
ing decreased testosterone production and germ cell de- 
generation. Testosterone is diminished within 24 hours, 
yet LH and FSH levels only increase after 6 days of in- 
fusion, which is unlike gonadectomy in male rats, which 
increases LH levels within 8 to 24 hours.*°*° These low 
testosterone levels may attenuate reproductive behavior 
during illness associated with cytokinemia. In addition 
the fall in androgens may mobilize carcass substrate to 
be used by visceral organs to facilitate metabolic host re- 
sponses and tissue repair. 
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Preoperative Chemotherapy for Soft-tissue 
Sarcomas of the Extremities 
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Forty-six patients with extremity soft-tissue sarcomas were 
treated with a mean of 4.4 cycles of preoperative adriamycin- 
based combination chemotherapy, followed by definitive local 
surgery and radiotherapy. All tumors were larger than 5 cm and 
of histologic type having significant risk of metastasis. Eighteen 
patients (40%) had an objective clinical response to the che- 
motherapy, while 27 patients (60%) did not respond. Patients 
with tumors responsive to chemotherapy had significantly im- 
proved overall survival (median 60 + months versus 32.7 months; 
p = 0.02), continuous disease-free survival (median 60 + months 
versus 15.1 months; p = 0.04), and distant metastasis-free sur- 
vival (median 60+ months versus 28.5 months; p = 0.006) com- 
pared to the nonresponding patients. Tumor response to pre- 
operative chemotherapy provides strong prognostic information 
and identifies a subgroup of patients most likely to benefit from 
chemotherapy. 


tissue sarcomas of the extremities remains con- 

troversial. Randomized clinical studies have pro- 
duced conflicting results, with some showing clear advan- 
tage in overall and/or disease-free survival, * while others 
show no survival benefit for adjuvant chemotherapy.>”” 
The toxicity of the chemotherapy can be quite significant 
and even life threatening.” Nevertheless the high frequency 
of pulmonary metastasis in surgically treated patients 
emphasizes the necessity of identifying effective adjuvant 
chemotherapy regimens if higher cure rates are to be ob- 
tained. While subgroups of patients who would benefit 
from adjuvant chemotherapy may exist, to date no specific 
subgroup has been identified. 

In 1973 the first prospective randomized study of ad- 
juvant chemotherapy for patients with soft-tissue sarco- 
mas was begun at The University of Texas M. D. Ander- 
son Cancer Center in Houston, Texas.! Since the com- 
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pletion of that study, patients with high-risk localized soft- 
tissue sarcomas of the extremities have been considered 
for adjuvant chemotherapy. More recently chemotherapy 
has been delivered before operation to establish the in 
vivo drug sensitivity of a patient’s tumor. Postoperative 
adjuvant chemotherapy has then been used predomi- 
nantly for those patients with sensitive tumors as docu- 
mented by their preoperative response, while nonre- 
sponding patients can avoid the morbidity of continuing 
a systemic treatment to which they have already docu- 
mented a lack of response. An additional aim has been 
to initiate the earliest possible treatment of occult systemic 
micrometastasis. 

In this study we examined our results retrospectively 
using preoperative chemotherapy in patients with soft- 
tissue sarcomas of the extremities. The review was de- 
signed to test the hypothesis that patient response to pre- 
operative chemotherapy can identify a responding 
subgroup of patients with an improved prognosis who 
may benefit from the chemotherapy. Conversely a non- 
responding subgroup with a poor outcome who do not 
benefit from the chemotherapy can also be identified. 


Patients and Methods 


We performed a retrospective review of patients with 
soft-tissue sarcoma treated between January 1, 1979 and 
December 31, 1985, with preoperative CY(V)ADIC che- 
motherapy (cyclophosphamide, adriamycin, dacarbazine 
+ vincristine) at the M. D. Anderson Cancer Center. Cri- 
teria for inclusion in the study group were (1) extremity 
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sarcoma larger than 5 cm in diameter, (2) histologic type 
with significant risk of metastasis, (3) radiologically or 
clinically measurable disease, (4) no regional or distant 
metastasis, (5) no previous chemotherapy, and (6) patient 
age of more than 16 years. 

. Of the 396 patients with soft-tissue sarcomas treated 
surgically during the study period, 46 had these inclusion 
criteria. Of the 396 sarcoma patients, 284 patients had 
tumors originating in an extremity. Of these 284 extremity 
sarcoma patients, 190 patients had tumors larger than 5 
cm in diameter. One hundred thirty-three of these one 
hundred ninety patients had tumors of a histologic type 
with a significant risk of metastasis, Twenty-one of these 
one hundred thirty-three patients were excluded from the 
study group because they presented after excisional biopsy 
at another institution and therefore did not have mea- 
surable disease. In addition 7 patients were younger than 
16 years, 6 had metastasis on admission, and | patient 
had received previous chemotherapy. ` 

Finally not all patients who otherwise met the above 
eligibility criteria were treated with preoperative chemo- 
therapy (n = 52). Physician bias in selecting patients for 
preoperative chemotherapy favored selection of the larg- 
est, highest-risk tumors for this nonstandard treatment 
program. It is this latter subset of selected patients with 
very large, high-risk, extremity soft-tissue sarcomas that 
comprised the study group (n = 46). 

Of the 46 patients, 33 were male and 13 were female. 
Thirty tumors originated in the lower extremity and 16 
originated in the upper extremity. Thirty-six tumors (78%) 
were proximal to the knee or elbow. Of the 46 patients, 
33 (72%) presented with an untreated primary tumor and 
13 (28%) presented with local recurrence after previous 
local therapy. 

The largest dimension of each tumor before receiving 
preoperative chemotherapy was 5 cm or more (T2 or T3) 
and ranged from 5 to 24 cm, with a mean of 10.6 cm. 
Size was measured by computerized tomography scan in 
24 patients, ultrasound in ‘12, angiogram in | patient, and 
by recorded clinical measurement in 9 patients. The larg- 
est two-dimensional measurements of each tumor were 
entered into the study data base, both before any treatment 
and after completion of the preoperative chemotherapy. 
All pertinent radiologic studies were reviewed by one of 
the authors (JL). 

Pathologic material was reviewed in each case by one 
of the authors (HE). The tumors were grouped by histo- 
logic diagnosis into low risk (group 1), intermediate risk 
(group 2), and high risk (group 3) for metastasis. Malignant 
fibrous histiocytoma (nonmyxoid), synovial sarcoma, an- 
giosarcoma, extraskeletal Ewing’s sarcoma, extraskeletal 
osteosarcoma, rhabdomyosarcoma, fibrosarcoma, epi- 
thelioid sarcoma, pleomorphic liposarcoma, and unclas- 
sified sarcoma were classified into the most malignant 
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group (Group 3). Forty of forty-six study patients had 
group 3 tumors. Myxoid liposarcoma and myxoid malig- 
nant fibrous histiocytoma comprise group 2 and account 
for the remaining six study patients. Neoplasms belonging 
to group l, including desmoid tumor (fibromatosis), 
atypical lipomatous tumor (well-differentiated liposar- 
coma), and dermatofibrosarcoma protuberans have very 
little, if any, metastatic potential and were excluded from 
the study. The most common histologic type was malig- 
nant fibrous histiocytoma, which accounted for 21 pa- 
tients (46%). Pathologic response to preoperative che- 
motherapy was rated on a scale from 0 to 4 (4 being max- 
imum response), by blinded comparison of pretreatment 
and postresection tissue specimens. 

Preoperative chemotherapy consisted of CYADIC in 
34 patients. Vincristine was added to CYADIC in the 
other 12 patients. Adriamycin initially was administered 
at 60 mg/m? and was increased to 75 mg/m? and occa- 
sionally to 90 mg/m’, as tolerated. Adriamycin was de- 
livered by continuous infusion during 96 hours, and the 
chemotherapy was repeated every 3 to 4 weeks as toler- 
ated. The decision to administer additional courses of 
preoperative chemotherapy was based on observation of 
a positive clinical response. The chemotherapy was then 
followed with definitive local therapy (i.e., surgery, with 
or without radiotherapy). Patients whose tumors pro- 
gressed with chemotherapy underwent immediate defin- 
itive local therapy, usually preoperative radiation followed 
by resection. Preoperative chemotherapy ranged from | 
to 16 cycles (mean, 4.4 cycles); seven patients received 
more than six cycles. Clinical response to the preoperative 
chemotherapy was calculated as a percentage decrease in 
the pretreatment two-dimensional area, determined bv 
multiplying the largest two-dimensional measurements. 

The morbidity of the preoperative therapy included al- 
opecia, nausea, vomiting, and myelosuppression. A mean 
of 2.3 hospitalizations (range, 0 to 17) were required before 
surgery, either for delivery of chemotherapy or for treat- 
ment of complications resulting from chemotherapy. Only 
13 patients received the preoperative chemotherapy en- 


tirely on an outpatient basis. Other major complications 


included fever, requiring admission to the hospital with 
neutropenia (15 patients, 32%), and severe mucositis (12 
patients, 26%). Six of forty-six patients did not have major 
side effects from the chemotherapy. There were no treat- 
ment-related deaths. 

Limb-preserving resection was performed whenever 
possible, usually in conjunction with radiotherapy. Am- 
putation was reserved for tumors that involved bone, ma- 
jor vessels, or nerves. Limb-preserving resections were 
performed in 31 of the 45 patients (67%). Major ampu- 
tation was required for 14 patients (30%). All but 3 patients 
were rendered disease free by their surgical procedure: | 
patient had an unresectable tumor, | patient developed 
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lung metastasis before surgery, and | patient refused am- 
putation. , 

Preoperative radiotherapy was delivered to 16 patients, 
and postoperative radiotherapy was delivered to seven. 
Doses ranged from 50 to 66.6 Gy, with a mean of 54.9 
Gy. Seven patients who presented with recurrent disease 
had previously undergone irradiation. Although patients 
receiving preoperative radiotherapy were excluded from 
the pathologic evaluation of response to preoperative che- 
motherapy, clinical response to the preoperative che- 
motherapy was evaluable in these patients and was mea- 
sured before irradiation. 

Postoperative chemotherapy was delivered at the dis- 
cretion of the.treating physicians; however patients who 
responded to preoperative chemotherapy generally re- 
ceived postoperative adjuvant chemotherapy and non- 
responding patients did not. This decision was based on 
both pathologic and clinical evaluations-of the patient 
response. A total of 12 cycles of chemotherapy was ad- 
ministered, if tolerated. The total dose of adriamycin ad- 
ministered to responding patients ranged from 210 to 1020 
mg/m*, with a mean of 560 mg/m’. 

Local recurrences were treated with additional surgery, 
usually amputation. Whenever possible distant metastatic 
disease was considered for surgical resection and was also 
treated with further chemotherapy. Follow-up was done 
on all patients until death, or for a median of 57 months 
among survivors (range, 20 to 83 months). 

Survival curves were generated according to the actu- 
arial method of survival, with zero time as the date of first 
treatment for calculation of overall survival.and distant 
metastatic disease-free survival and the date of surgery 
for calculation of continuous disease-free survival.!°!! The 
statistics were calculated according to the algorithm of 
Lee-Desu.!* The terminal event was death resulting from 
any cause. 


Results 


Clinical response to the preoperative chemotherapy was 
evaluable in 45 of the 46 patients. A total of 18 patients 
(40%) responded to chemotherapy and 27 patients (60%) 
did not respond. Five patients (11%) had complete re- 
sponses, and six patients (13%) had major responses (50% 
to 99% reduction in tumor size). An additional seven pa- 
tients (15%) had minor responses, with tumor sizes de- 
creasing between 15% and 50%. Twenty-five patients had 
tumors that either increased in size (14 patients, 31%). or 
were unchanged after the preoperative chemotherapy (1 1 
patients, 24%). Two patients had minimal decreases (10% 
and 11%) in tumor size and were also considered non- 
responders. The histologic types and clinical response rates 
for the 45 evaluable groups are shown in Table 1. 

Postoperative chemotherapy was continued in an ad- 
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TABLE I. Response of Localized Soft-tissue Sarcomas of the Extremity 
to Preoperative Chemotherapy, by Histology 
Type No. of Patients No. of Responses 
Extraskeletal Ewing's 
Adult rhabdomyosarcoma 
Extraskeletal osteosarcoma 
Fibrosarcoma 
Myxoid liposarcoma 
Malignant fibrous histiocytoma 
Angiosarcoma 
Synovial sarcoma 
Unclassified sarcoma 
Myxoid malignant fibrous 
histiocytoma 
Epithelioid sarcoma I 
Pleomorphic liposarcoma t 


Totals 45 


(41%) 


— 
wt? of te see oae id 


oo rmOOQ 


(40%) 


juvant setting in 26 patients, for a median of six cycles 
(range, 1 to 12). Sixteen of eighteen patients responding 
to preoperative chemotherapy continued to receive che- 
motherapy in a postoperative adjuvant setting, and 10 of 
27 nonresponding patients received adjuvant postopera- 
tive chemotherapy, despite their lack of response to the 
drugs before operation. 

Local recurrence occurred in 11 of the 45 patients who 
had resections (24%): 6 of the 27 nonresponders, and 5 
of the 18 responders (p = NS). Ten of twenty-nine patients 
(34%) undergoing limb-preservation resections developed 
local recurrence, and only | of the 14 patients who un- 
derwent amputation developed local recurrence (p 
< 0.01). 

Distant metastasis developed in 21 of the 45 evaluable 
patients (47%) during the follow-up period. Only 4 of the 
18 responding patients (22%) developed distant metastasis, 
while 17 of the 27 nonresponding patients (63%) devel- 
oped distant metastatic disease (p < 0.001). The distant 
metastatic disease-free survival times for the responding 
and nonresponding groups are significantly different 
(p = 0.006) and are shown in Figure 1. 

Disease-free survival for the two groups (Fig. 2) is ako 
significantly different, presumably because of the large dif- 
ference in distant metastases between the two groups. Pa- 
tients responding to the preoperative chemotherapy had 
a significantly greater chance of remaining disease free, 
as measured from the date of surgical resection, than did 
nonresponders (p = 0.04). 

The survival time of the entire group is illustrated in 
Figure 3, which also shows follow-up time until death in 
23 patients, or a median of 57 months among the 23 
survivors. The median survival time of the entire group 
of patients was 52 months. Figure 4 illustrates the survival 
time of the 18 patients responding to preoperative che- 
motherapy compared with the 27 patients who were non- 
responders. Six of eighteen responding patients (33%) have 
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died during follow-up, compared with 17 of the 27 non- 
responding patients (63%) (p < 0.001). 

After a mean of 4.4 preoperative cycles, compared with 
the nonresponding patients, patients responding to che- 
motherapy had significantly improved overall survival 
(median, 60 + months versus 32.7 months; p = 0.02), 
disease-free survival (median, 60 + months versus 15.1 
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months; p = 0.04), and distant metastatic disease-free 
survival (median, 60 + months versus 28.5 months; 
p = 0.006). | 

Pathologic response to preoperative chemotherapy was 
evaluable in 27 patients. Thirteen patients (48%) showed 
histologic evidence of response to preoperative chemo- 
therapy. Typical effects of preoperative chemotherapy 
were decreased cellularity, fibrosis, foam cells, cellular gi- 
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gantism, hyalinization, and coagulative necrosis. Fourteen 
patients (52%) showed no significant changes when slides 
of prechemotherapy biopsy specimens were compared 
with postchemotherapy resection specimens. Analysis of 
survival data, based on pathologic response, shows sig- 
nificant differences in survival when patients with no his- 
tologic response were compared with patients showing 
any evidence of response (p = 0.04). Survival curves for 
these two groups of patients are shown in Figuré 5. There- 
fore evaluation of pathologic to preoperative chemother- 
apy evaluation identified a subgroup of patients with im- 
proved prognoses. Comparison of radiologic and patho- 
logic responses in the 27 patients in whom both means 
of evaluation were available showed a positive correlation 
in 20 of the 27 patients (74%). 


Discussion 


Adjuvant chemotherapy for soft-tissue sarcomas of the 
extremities remains controversial because no unequivocal 
benefit has emerged from randomized clinical trials. Ro- 
senberg et al.,”° Benjamin et al.,’ and Gherlinzoni et al. 
have all reported significant improvements in disease-free 
survival in adjuvant chemotherapy groups. Rosenberg’ 
initially reported a significant benefit in overall survival 
as well. Other prospective randomized trials’ have not 
demonstrated a benefit for adjuvant chemotherapy pa- 
tients. 

The purpose of this retrospective analysis of preoper- 
ative chemotherapy for large extremity soft-tissue sarco- 
mas was to identify a subset of patients who may benefit 
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from adjuvant chemotherapy. Our patient study group’s 
clinical response rate to preoperative CY(V)ADIC che- 
motherapy was 40%; pathologic response was séen in 48%. 
These response rates are comparable with the reported 
response rates of 35% to 45% using this chemotherapy 
combination to treat metastatic soft-tissue sarcomas. '*"!° 

No differencé was found between. responding and non- 
responding patients regarding local recurrence. This sug- 
gests that local recurrence of soft-tissue sarcoma is pre- 
dominantly influenced by the local therapy used, with 
chemotherapy playing a lesser role. The local recurrence 
rate of 24% in this study is higher than that reported in 
other large series of extremity sarcomas, such as those of 
Eilber!® and Suit.!? However these series do not stratify 
for tumor size and poor prognosis histology. Our mean 
tumor size of 10.6 cm, coupled with the other selection 
criteria, define an extremely high-risk group of patients 
who will be more prone to local and/or distant failure 
when compared to the.unstratified patients of other series. 
However the 34% local recurrence rate after limb-pre- 
serving resection suggests that conservative surgery may . 
be inappropriate for some patients with extremely large 
sarcomas of the extremities, even if technically feasible. 

Our data clearly. suggest that meaningful prognostic in- 
formation can be obtained by observing the in vivo re- 
sponse of these tumors to preoperative’ chemotherapy. 
Both clinical and pathologic evaluations of response were 
independently successful in predicting survival. Both this 
type of progriostic information and in vivo sensitivity test- 
ing of frontline chemotherapy have been used in other 
tumors, such as osteosarcoma of the bone!® and stage III 
breast cancer,’ to provide a rationale for subsequent 
treatment decisions. The information can be used to either 
spare the nonresponding patients the toxicity of further 
ineffective therapy (as is our current practice) or identify 
the highest-risk group of patients for trials of second line 
or experimental therapies, iù an SIRBI to improve their 
poor survival. 

In osteosarcoma of the bone the use of Schone line che- 
motherapy has significantly improved survival for initially 
nonresponding patients, while responding patients enjoy 
very high cure rates.'® In this study most nonresponding 
patients; especially those whose tumors increaséd in size 
while receiving preoperative chemotherapy, were spared 
multiple additional cycles of postoperative chemotherapy 
and the associated morbidity. Unfortunately at this time 
there are a limited number of drugs available with signif- 
icant activity against soft-tissue sarcomas. However in- 
creasing experience with ifosfamide and other drugs sug- 
gest a potential benefit of second-line treatment. Some 
patients who do not respond to CY(V)ADIC will respond 
to ifosfamide: 

It is debatable whether the responding patients actually 
benefit from chemotherapy or if their response is an un- 
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related parameter of a more biologically favorable tumor. 
Our data cannot prove either theory; however, if any pa- 
tients benefit from adjuvant adriamycin-based chemo- 
therapy, it should be those patients whose tumors respond 
to the treatment. Therefore, if any patients should be 
treated with postoperative adriamycin-based chemother- 
apy, it should be those whom have responded to the pre- 
operative chemotherapy. The low rates of distant metas- 
tasis (22%) and death (33%) for preoperatively responding 
patients in this study, in the face of otherwise extremely 
poor traditional prognostic factors, suggests that these pa- 
tients did benefit from the adjuvant chemotherapy. 

This study has identified several potential advantages 
of preoperative chemotherapy in treating these patients. 
Significant increases in metastatic disease-free, overall 
disease-free, and overall survival in responding patients 
compared to nonresponding patients provides strong 
prognostic information and an in vivo test of tumor sen- 
sitivity to the therapy. While obtaining this information 
requires a short course of preoperative therapy with some 
anticipated toxicity, the risks of postoperative adjuvant 
therapy are better justified in a setting in which a benefit 
is most likely. 
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Comparison of Hetastarch to Albumin for 
Perioperative Bleeding in Patients Undergoing 
Abdominal Aortic Aneurysm Surgery 


A Prospective, Randomized Study 
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GEORGE WEINHOUSE, M.D., and THOMAS RILES, M.D. 


The effects of hetastarch and human albumin solutions on peri- 
operative bleeding and coagulation parameters during abdominal 
aortic aneurysm repair were compared. In two randomized groups 
of 20 patients, albumin 5% (group 1) or hetastarch 6% (group 
2) 1 g/kg was given during surgery. The remaining perioperative 
fluids consisted of lactated ringers and packed red blood cells. 
Perioperative coagulation measurements included partial throm- 
boplastin time, prothrombin time, activated clotting time, platelet 
count, and bleeding time. Estimated blood loss and the total 
amount of crystalloid and blood infused were also measured. The 
surgeon, blind to the colloid used, subjectively rated bleeding on 
a scale of 1 to 10. There was no significant difference between 
groups for any measured parameter at any time. Measurements 
of coagulation function were within normal limits for both groups. 
Hetastarch does not cause clotting disorders in patients under- 
going abdominal aortic aneurysm repair, at least if the quantities 
used in this study are not exceeded. 


ETASTARCH AND HUMAN ALBUMIN solutions 
H are frequently used as perioperative volume ex- 

panders. Hetastarch, however, may cause a von 
Willebrand-type platelet dysfunction, reduced activity of 
_ several proteins in the coagulation cascade, and elevated 
prothrombin time (PT) and partial thromboplastin time 
(PTT).'* There are several case reports documenting sig- 
nificant bleeding after hetastarch.>’-? However other 
studies have shown that clinically significant bleeding does 
not occur, despite these changes in patients undergoing 
cardiac or trauma surgery. °??? 

It has been shown that hetastarch is an excellent volume 
expander and has a long intravascular half life.'*'° There 
is less chance for infection transmission than in human- 

-derived volume expanders. The cost may also be lower 
than other volume expanders.* These properties would 
make hetastarch useful in patients undergoing abdominal 
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aortic aneurysm (AAA) repair because of the potential 
for significant perioperative volume loss and fluid shifts. 
There have been no studies, however, documenting the 
safety of hetastarch in patients undergoing AAA repair. 

Because albumin solutions do not to cause clotting ab- 
normalities, we decided to compare hetastarch to albumin 
in patients undergoing AAA. This study compares bleed- 
ing and coagulation changes after hetastarch infusion to 
albumin infusion during AAA repair. 


Methods 


After institutional review board approval,* 40 patients 
about to undergo AAA repair were randomized into two 
groups of 20 patients. Group | received | g/kg of albumin 
5% solution and group 2 received | g/kg of hetastarch 6% 
solution, blinded by covering the solution with foil. This 
dose was chosen because it is a significant proportion of 
the blood volume (in a 60-kg adult, 1 g/kg amounts to 
1000 cc, which is approximately 25% of the calculated 
blood volume). Colloid was infused so the entire volume 
was given before completion of the vascular anastomoses. 
Lactated Ringers and red blood cells (RBCs) were given 
as needed during the surgical procedure to maintain he- 
modynamics at desired levels and hematocrit (HCT) of 
more than 30. , 

Coagulation tests done the evening before surgery in- 
cluded bleeding time (BT), prothombin time (PT), parttal 
thromboplastin time (PTT), and platelet count. 

All patients were monitored with an indwelling arterial 


* Informed consent was not required by the institutional review board 
because all procedures were routine for AAA repair. 
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TABLE 1. Demographic Data 
Group | Group 2 p 

Age 69.3 + 2.19 69.6 + 1.39 NS 
Height (cm) 173.0 + 1.70 174.9 + 1.31 NS 
Weight (kg) 76.1 + 3.10 75.1 + 2.90 NS 
Sex 

Male 18 19 

Female 2 l 


NS, not significant. 


cannula and a Swan-Ganz thermodilution pulmonary ar- 
tery catheter. Pulmonary capillary wedge pressure 
(PCWP), central venous pressure (CVP), cardiac output 
(CO), systemic arterial pressure, and temperature were 
measured. Electrocardiogram was monitored using leads 
H and V5. Urine output was measured using a foley cath- 
eter. 

Blood loss was estimated by weighing sponges and 
measuring suction canister volume less the volume of ir- 
rigation solution. 

Activated clotting time was measured before skin in- 
cision, (Hemochron: International Technidine Corp., 
Edison, NJ) 5 minutes after 3000 U of heparin, and just 
before transfer to recovery room. PT, PTT, and platelet 
count measurements were made as closure began, and 
again in the recovery room about | hour after completion 
of surgery. A BT measurement was also done in the re- 
covery room. Estimated blood loss, infused crystalloid 
volume, and total blood products used were recorded. 
The surgeon rated total bleeding compared to other aneu- 
rysm repairs on a scale of | to 10, with 1 representing the 
least and 10 the most bleeding. This was done to obtain 
a subjective indicator of bleeding in addition to the ob- 
jective measurements made. 

Results were expressed as mean + | standard error. A 
paired t test for dependent samples was used to analyze 
data within the same group. Comparison between groups 
was done using Student’s t test for independent samples. 
Analysis cf the surgeon’s bleeding estimate was done using 


HETASTARCH IN ABDOMINAL AORTIC ANEURYSMS AR 3 


a 2 X 2 contingency table because of the nonparametric 
nature of the data. 


Results 


There were no differences between the groups with re- 
spect to demographics (Table 1). 

Before operation there was no difference between 
groups in any measured variables (Table 2). The PTT, 
ACT, and PT increased significantly, as expected, after 
heparinization in both groups. These returned toward 
baseline by the end of the surgery, and there was no post- 
operative difference between the groups (Table 2). Heparin 
was not reversed in any patient. 

Platelet count decreased significantly in each group 
during the procedure, but there was no difference between 
groups at any time (Table 2), The decreased count was 
probably due to dilution by platelet-free fluids given dur- 
ing surgery. 

Bleeding time increased a small but statistically signif- 
icant amount within group | (Table 2; p = 0.008). Group 
2 showed an insignificant rise in BT from before operation 
to after operation (p = 0.097). No significant difference 
in BT was seen between the groups after operation (Table 
2). Bleeding times for both groups remained within the 
normal institutional range, despite the rise from the pre- 
operative to postoperative values. 

Lactated Ringers (LR)and packed red blood cells 
(PRBCs) were used to maintain stable hemodynamics de- 
termined using PCWP, CO, and urine output. Hematocrit 
level was maintained above 30 using PRBCs. There was 
no significant difference in the amount of crystalloid or 
PRBCs used and no significant estimated blood loss (EBL) 
difference between groups (Table 3). 

Temperature was monitored during the procedure be- 
cause decreased temperature interferes with clotting func- 
tion.’ Temperature at the end of surgery was 35.49 
+ 0.164 C in group | and 35.47 + 0.168 C in group 2 íp 
= 0.906). 


TABLE 2. Perioperative Coagulation Changes 


Group PTT ACT* PT PLT Count BT 
l ' 30.27 + 84 140.0 + 3.4 11.36 + .14 262.9 + 12.8 27 +21 
Before operation 2 28.66 + 62 136.2 +28 11.04 + 13 265.3 + 16.3 24 +19 
5 0.137 0.406 0.105 0.878 0.362 
1 47.01 + 3.0 222.8 + 8.8 12.58 + .18 184.6 + 10.0 
At closure 2 46.63 + 4.6 223.3 +83 13.01 + 83 1656 + 9.53 
a 0.903 0.924 0.625 0.186 
, i 36.0 +29 151.3446 12.30 + .26 193.1 + 10.8 3.45 4.27 
After operation 5 35.86 + 2.8 145.4 + 4.2 11.97 +.17 189.6 + 12.7 2.8 +.24 
p 0.924 0.370 0.311 0.820 0.085 


* ACT was measured immediately before incision, 5 minutes after heparin administration, and just before transfer to recovery room, 
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TABLE 3, Perioperative Blood Loss and Fluid Replacement 


Group | Group 2 p 
RL (cc) 3987.5 + 174.4 4125.0 + 218.2 0.639 
PRBC (units) 2.05+ 0.320 2.50+ 0.287 0.315 
EBL (cc) 1407.5 + 124.5 1535.0 + 149.2 0.533 


A subjective bleeding score of 5 or less represented 
minimal to moderate bleeding, and a score of 6 to 10 was 
considered significant bleeding. Fifteen group 1 and 16 
group 2 patients scored 5 or less. Five group | and 4 group 
2 patients scored 6 or more. There is no significant dif- 
ference between these numbers. 


Discussion 


Hetastarch is a chemically modified complex polysac- 
charide composed of a heterogeneous group of particles 
with an average molecular weight of 4.5 X 10° daltons. 
The basic molecule is a branched amylopectin, whose 
structure is similar to glycogen. The commercial prepa- 
ration is a 6% solution diluted in 0.9% sodium chloride. 
Hetastarch is an excellent volume expander. Initial intra- 
vascular augmentation approximately equals the volume 
infused.'*!° After 24 hours, approximately 38% of the 
initial volume remains intravascular, 23% is extravascular, 
and 39% has appeared in the urine.'*!> Hetastarch is me- 
tabolized in the blood by alpha-amylase. The main route 
of excretion is glomerular filtration, with small amounts 
of metabolites excreted in the stool after hydrolysis.’ 

Hetastarch has other properties that may make it a more 
desirable volume expander than other colloids in patients 
undergoing AAA. Because it is not derived from human 
tissue, there is no chance of disease transmission. Also 
the cost of hetastarch may be considerably less than other 
colloid volume expanders.” 

The effects of hetastarch on coagulation have been well 
described. Jn vitro the effects are minimal and appear to 
be primarily due to hemodilution.!* Jn vivo, hetastarch 
alters coagulation in a dose-related fashion by three main 
mechanisms.” First conversion of fibrinogen to fibrin is 
accelerated, thus causing the resulting thrombus to be less 
stable and therefore more susceptible to lysis. Second an 
acquired von Willebrand’s syndrome may develop, with 
reduced levels of factor VIII activity. Third hetastarch 
macromolecules coat the platelet outer membrane, caus- 
ing decreased adhesiveness and increased bleeding time. 
-~ Moderate doses of hetastarch (1.2 g/kg) exert minor 
effects on coagulation.’ Platelet count is unchanged or 
transiently decreased but remains in excess of levels re- 
quired for normal hemostasis. The rate of platelet aggre- 
gation is normal or only slightly decreased. Bleeding time 
remains normal. The coagulation cascade remains normal 
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or shows mild to moderate increases in PT and PTT and 
decreased fibrinogen. 

As the dose of hetastarch increases to more than 1.2 g/ 
kg, factor VIII moieties activity decreases, namely factor 
VIII coagulant activity, von Willebrand factor antigen, 
and factor VIII-related ristocetin cofactor. The exact 
mechanism by which hetastarch reduces factor VIII ac- 
tivity remains unknown. It does not appear to be due to 


. dilution, however, because other clotting factors diluted 


to the same degree do not show the same decrease in 
activity.’ 

Massive doses of hetastarch (> 2 g/kg) are associated : 
with decreased platelet count, decreased platelet adhesion, 
and decreased concentration of clotting proteins.? Only 
part of this is the result of hemodilution. There have been 
reports of marked PT and PTT increases, marked fibrin- 
ogen decreases, decreased fibrin clot formation rate, and 
decreased clot tensile strength. These measurements may 
not return to normal for as many as 7 days. 

Several reports document increased bleeding in patients 
who have received hetastarch. Strauss et al. reported ab- 
normalities indicative of von Willebrand’s disease after | 
L of hetastarch. Increased BT and PTT, decreased platelet 
adhesiveness and levels of factor VIII coagulant activity, 


factor VIII related antigen, and factor VIII risocetin co- 


factor were seen. This patient was later found to have had 
previously undiagnosed mild von Willebrand’s disease. 
Overt bleeding did not occur, but laboratory abnormalities 
beyond those of the pre-existing disease persisted for 96 
hours. Sanfelippo et al.’ described von Willebrand’s syn- 
drome in a patient who received | L of hetastarch each 
day for 10 days to augment plasma volume and combat 
vasospasm after subarachnoid hemorrhage. Gingival 
bleeding occurred in this patient. Factor VIII moiety ac- 
tivity did not return to normal for 17 days after the last 
dose of hetastarch. Cully et al. described a 60-kg woman 
who developed a postoperative intracranial hematoma 
after receiving 2 L (2 g/kg) of hetastarch during operation 
over a 7-hour period. Coagulation parameters were 
markedly abnormal despite being normal before opera- 
tion. The authors believed that hetastarch was the most 
likely cause of the coagulopathy. Lockwood et al.’ reported 
a severe coagulopathy and postoperative bleeding in a 
Jehovah’s Witness (whose members, on principle, refuse 
blood transfusions) who received 2.66 g/kg (60% of total 
blood volume) of hetastarch during a spinal fusion. These 
abnormalities persisted for 72 hours. 

Several reports have emphasized the safety of hetastarch 
for volume replacement after cardiac bypass and in re- 
suscitation of trauma patients.’°-!? There was no evidence 
of significant increases in bleeding after hetastarch, even 
though one study!! showed higher PT and PTT. Some 
patients received large volumes (> 2 g/kg) of hetastarch 
in these studies. 
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This study demonstrates that clinical or laboratory 
bleeding in AAA repair was not affected by | g/kg of heta- 
starch. The heiastarch dose used in this study has generally 
be found to be safe, although some reports ‘cited above 
do show coagulation defects with lower doses. This dose 
is still a considerable percentage of the blood volume, 
however. Because hetastarch remains in the intravascular 
space for a considerable period of time, this volume is 
adequate for most major surgery or resuscitation. 

We did not measure the activity of factor VIII moieties 
or other clotting proteins directly. If we did, minor ab- 
normalities may have been noticed that would not affect 
clinically relevant clotting parameters or cause a 
bleeding. 

In the doses used in hs study, hetastarch is safe to use 
as a volume expander i in patients undergoing abdominal 
aortic aneurysm repair. Because it has certain advantages 
over other colloids, hetastarch may be useful i in nese pa- 
tients. 
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Comparison of Conventional Mechanical 
Ventilation and High-frequency Ventilation 


A Prospective, Randomized Trial in Patients with Respiratory Failure 
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Acute respiratory failure (ARF) following trauma or sepsis has 
a mortality rate of 50% to 85%. The mainstays of treatment are 
mechanical ventilation and positive end-expiratory pressure 
(PEEP). In the past decade, many reports have claimed supe- 
riority of high frequency ventilation (HFV) in the treatment of 
ARF. We structured a prospective randomized trial of HF V ver- 
sus conventional mechanical ventilation (CMY) in the treatment 
of acute respiratory failure. All patients admitted to the Surgical 
Intensive Care Unit (SICU) were eligible for the study. On ad- 
mission patients identified for being at risk of developing acute 
respiratory failure were randomized to receive either HFV or 
CMV. Patients were treated to the same therapeutic endpoint 
(pH > 7.35, PaCO, 35 to 45 torr, Pa0,/FI0, > 225). Daily 
ventilatory support, fluid and drug requirements, and cardiopul- 
monary variables were recorded. One hundred thirteen patients 
were entered into the study. Of these, 100 completed the study 
(HEV n = 52, CMV n = 48) and 60 developed acute respiratory 
failure (HFV n = 32, CMV n = 28). Patients on HFV reached 
the therapeutic endpoint at a lower level of continuous positive 
airway pressure and mean airway pressure; however there were 
no differences in mortality, SICU days, hospital days, incidence 
of barotrauma, number of blood gases, or cardiovascular inter- 
ventions. This report suggests that HFV offers no concrete ad- 
vantages over CMV when applied in a prospective fashion for 


the treatment of acute respiratory failure. 
tients with the adult respiratory distress syndrome 
(ARDS) continues to be an important consid- 
eration for surgeons caring for critically ill patients.!? In 
the past decade, many attempts have been made to predict 
and prevent ARDS. Despite new insights gained during 
this time, mechanical ventilation and end-expiratory 


pressure (EEP) remain the mainstays of treatment.’ The 
type of mechanical ventilation and level of EEP used, 


HE HIGH MORBIDITY and mortality rates in pa- 


Address reprint requests to James M. Hurst, M.D., F.A.C.S., University 
of Cincinnati Medical Center, Department of Surgery ML 558, 231 Be- 
thesda Avenue, Cincinnati, OH 45267-0558. 

Accepted for publication September 7, 1989. 


From the University of Cincinnati Medical Center, 
Department of Surgery, Division of Trauma/Critical Care, 
and Children’s Hospital Medical Center, Department of 
Respiratory Care, Cincinnati, Ohio 


however, continue to be subjects of considerable contro- 
versy.*-’ Regardless of the mode of ventilatory support 
used, approximately 10% to 15% of patients will: have 
progressive hypoxemia and exhibit no response to EEP.®”? 
This group of patients includes those with pre-existing 
obstructive pulmonary disease, massive pulmonary air- 
leaks, and viral pneumonia.! 

During the late 1970s and early 1980s, a new type of 
ventilatory support was touted as a solution for the com- 
plications and failures of conventional ventilation. This 
technique, generically termed high-frequency ventilation 
(HFV), actually represented a variety of techniques as dis- 
similar to one another as they were to conventional ven- 
tilation. The specifics of each type of system are beyond 
the scope of this manuscript and have been reviewed ex- 
tensively elsewhere.'° The common characteristics of high- 
frequency ventilation include! a rate greater than three 
times normal,” tidal volumes considerably less than nor- 
mal, and? a ventilator circuit with a negligible compress- 
ible volume.'! High-frequency ventilation has been re- 
ported to cause less circulatory interference than conven- 
tional mechanical ventilation, reduce airleaks in 
bronchopleural fistulae, and create similar or improved 
gas exchange at lower airway pressures.'! More than 300 
manuscripts were published on HFV during the period 
from 1975 to 1985. Only one of these approached HFV 
in a prospective, randomized fashion. !? 

The present study was undertaken to examine the dif- 
ferences between conventional mechanical ventilation and 
high-frequency percussive ventilation (HFPV), applied in 
a random fashion to surgical patients with ARDS. 
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Materials and Methods 

All patients admitted to the Surgical Intensive Care Unit 
(SICU) from July 1985 to July 1987 who required me- 
chanical ventilation were considered eligible for the study. 
Criteria for admission were determined by predictive 
equations identifying patients at risk for developing 
ARDS.” (Table 1) The diagnosis of ARDS was made 
when the following were seen concominantly: (1) diffuse, 
bilateral infiltrates on chest radiographs; (2) PaO. less than 
60 (FIO, > 0.40); (3) pulmonary capillary wedge pressure 
less than 16 torr; and (4) sufficeint injury to warrant a 
high index of suspicion for the disease. Patients excluded 
from the study included those with head injuries requiring 
mechanical ventilation, minors, prisoners, the mentally 
infirm, and pregnant women. The protocol was approved 
by the University of Cincinnati’s Institutional Review 
Board. . 

During the study period, 135 patients were eligible for 
the investigation. Twenty-two patients could not be ran- 
domized because informed consent could not be obtained 
within the first 6 hours. After entry criteria were met, the 
patients (n = 113) were assigned to receive conventional 
mechanical ventilation or HFV according to a table of 
random numbers. 


Ventilator Descriptions 


Conventional mechanical ventilation was provided by ~ 


a time-cycled ventilator (IMV Bird, Palm Springs, CA). 
All patients were ventilated in the intermittent mandatory 
ventilation (IMV) mode at a measured tidal volume (Vr) 
of 12 to 15 cc/Kg and a respiratory rate (f) sufficient to 
maintain a pH of more than 7.35, normocarbia, and a 
spontaneous f of less than 30 BPM. Inspired oxygen con- 
centration was maintained at 0.45, unless the clinical sit- 
uation mandated an increased FIQ. Continuous positive 
airway pressure (CPAP) was begun at 5 cmH,0O and in- 
creased in 2- to 3-cmH,O increments until the therapeutic 
endpoint was reached. Inspiratory time (I) was set be- 
tween 1.5 and 2.5 seconds (depending on f). CE ratio was 
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maintained at least at 1:2 Peak (PIP), mean (Paw), and 
end-expiratory (CPAP) airway pressures were measured 
at the proximal airway by.a commercially available pres- 
sure monitor (Bunnell Ventilator Monitor, Mallinkrodt 
Critical Care, Glen Falls, NY). Humidification was pro- 
vided with a wick humidifier (Conchatherm II, RCI, Ar- 
lington, IL) set to deliver a temperature of 32 C at the 
proximal endotracheal tube. 


High-frequency Ventilator 


High-frequency percussive ventilation (HFPV) was de- 
livered by a high-frequency pulse generator (HFPG) (Bird 
Space Technologies, Percussionaire Corp., Sandpoint, ID). 
The high-frequency percussive ventilator system consists 
of a time-cycled, pressure-limited ventilator (pulse gen- 
erator) connected to a sliding venturi at the airway. The 
ventilator allows control of inspiratory and expiratory 
time, peak airway pressure, CPAP, and percussive fre- 
quency. The resulting airway pressure waveform resem- 
bles interrupted high-frequency jet ventilation. A com- 
parison of a single breath with each ventilation system 1s 
shown in Figure | for clarification. Inspiratory and ex- 
piratory times were manipulated, along with PIP, to 
maintain pH of more than 7.35, normocarbia, and a 
spontaneous f less than 30 BPM. Continuous positive air- 
way pressure was started at 5 cmH,0 and increased in 2- 
to 3-cmH,0 increments until the therapeutic endpoint 
was achieved. Percussive frequency was increased to im- 
prove oxygenation and decreased to improve CO, elim- 
ination. The optimal range of the frequency used was 200 
to 600 BPM, as described previously.!° Airway pressures 
were measured at the patient airway, approximately 8 cm 
distal from the injector of the venturi, thus preventing 
artifacts in pressure measurements from entrainment of 
gases. Humidification was provided in the same manner 
as with conventional mechanical ventilation. The unique 
part of the HFV system is the sliding ventun that serves 
as Inspiratory and expiratory valve, as well as the source 
of CPAP. Figure 2 depicts operation of the sliding venturi 
in inspiration and expiration. 


TABLE |. Patient Demographics 


Demographics Conventional 
Total number of patients 48 
Number of trauma patients 33 (69%) 
Number of surgery patients 15 (31%) 


Number of patients with ARDS 28/48 (60%) 


Number of ARDS/trauma 17/33 (51%) 
Number of ARDS/surgery 11/15 (73%) 
Total mortality 10/48 (21%) 
Mortality with ARDS 10/28 (36%) 
Mortality with ARDS/trauma 3/17 (18%) 


Mortality with ARDS/surgery 


7/11 (64%) 


4/21 (19%) 
6/12 (50%) 


High Frequency Total 

52 100 

34 (65%) 67 (67%) 

18 (35%) 33 (33%) 
32/52 (61.5%) 60 (60%) 
21/34 (62%) 38/67 (56%) 
12/18 (67%) 23/33 (70%) 
10/52 (19%) 20/100 (20%) 
10/32 (31%) 20/60 (33%) 


7/38 (18%) 
13/23 (56.5%) 
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Fic. 1. The pressure tracing during a single breath with conventional 
and HFPY. 


Monitoring 

All patients were monitored by standard Intensive Care 
Unit practices. Vital signs were recorded at least hourly, 
and the electrocardiogram was monitored continuously. 
Continuous arterial blood pressure monitoring by in- 
dwelling arterial line was standard. Flow-directed, pul- 
monary artery catheters (Edwards Lab, Santa Anna, CA) 
were placed when clinically indicated. No lines were 
placed solely for the purpose of the study. Arterial and 
mixed venous blood for analysis of blood gases and pH 
were made several times daily in stable patients, after each 
ventilator change, and when clinical examination sug- 
gested a deterioration in the patient’s condition. Blood 
gas analysis was performed immediately after sampling 
and was corrected for the patient’s body temperature. Ox- 
ygen saturation. was also measured fcr each blood gas 
analysis (OSM-2, Radiometer, Copenhagen, Denmark). 
Thermodilution cardiac output determinations were 
measured at least three times daily and were performed 
in triplicate. Pressure monitoring information recorded 
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with each ventilator change, along with blood gas infor- 
mation and cardiac output, were used to calculate stroke 
volume, stroke volume index, left ventricular stroke work, 
left-ventricular stroke work index, right ventricular stroke 
work, pulmonary vascular resistance, cardiac index, sys- 
temic vascular resistance, systemic vascular resistance in- 
dex, arterial oxygen content (CaO,), and mixed: venous 
oxygen content (CVO,), oxygen content, arterial-mixed 
venous oxygen difference, intrapulmonary shunt (Qsp/ 
Qt), oxygen delivery (DO), and oxygen consumption 
(VO,). PaO>/FIO, ratios were calculated from arterial 
PaO, and ventilator FIO». 


Ventilator Care 


‘All ventilators were checked by the staff respiratory 
therapist every 2 hours. The checklist consisted of mea- 
suring and recording ventilator settings (FIO>, f, CPAP, 
Vy, inspiratory, and expiratory time) and patient-related 
variables (PIP, Paw, spontaneous f, and spontaneous Vy). 
After each use ventilators were cleaned according to stan- 
dard infection control policies and checked to verify ap- 
propriate function. Ventilator failures were recorded and 
the cause determined. 


Therapeutic Endpoints . 


Both groups were treated to the same therapeutic end- 
point. Oxygenation endpoints were a PaO,/FIO; of more 
than 225 in patients without pulmonary artery catheters 
and a Qsp/Qt less than 20% in those with pulmonary 
artery catheters. Ventilation was adjusted as described 
above. FIO, was only increased when an increase in CPAP 
to more than 20 cmH,0O could not meet oxygenation cri- 





EXPIRATION 


Fic. 2. The sliding venturi used with HFPV. During inspiration (top), 
gas pushes the venturi forward and flow is delivered to the patient. During 
expiration, the venturi releases backward, allowing for passive expiration. 
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teria. Cardiac index was supported with volume loading 


and/or inotropic agents, as the clinical situation indicated, . 


to a minimum of 3.0 L/minute/m*. Hemoglobin was 
maintained at more than 12 g/dL by appropriate admin- 
istration of blood products. 


Discontinuation of Mechanical Ventilation 


All patients were weaned from mechanical ventilation 
using established criteria.'*'? When CPAP was 5 cmH,0, 
FIO, < 0.45, and spontaneous f less than 30 BPM, patients 
were placed on room air (0.21), and 5 cmH,0 CPAP, 
through the ventilator, for 20 minutes. At the end of the 
trial, arterial blood was drawn for analysis and the patient 
was returned to the original settings. If PaO. was more 
than 55, spontaneous f was less than 30 BPM, PaCO, was 
normal for that patient, and pH was more than 7.35, an 
attempt at extubation was made. 


Crossover 


If any patient failed to reach the therapeutic endpoint 
within 24 hours, the alternate mode of ventilation was 
attempted. After another 24 hours, the ventilatory mode, 
which maintained the best PaO./FIO2 or Qsp/Qt, was 
used throughout the patient’s hospital course. 


Results 


During the study period, 113 patients were entered into 
the investigation. Of these, 13 patients were removed from 
the study, two for insufficient data collection and 11 for 
failure to adhere to the protocol. Table 2 depicts the num- 
ber of patients in each arm of the study, the number of 
trauma and surgery patients, the incidence of ARDS, and 
number of deaths. There were no statistically significant 
differences in any of these variables. 

Data were tabulated for all patients. Patients were 
stratified into four categories: (1) all patients ventilated 
with CMV; (2) all patients ventilated with HFV; (3) pa- 
tients ventilated with CMV who developed ARDS; and 
(4) patients ventilated with HFV who developed ARDS. 

Analysis of pretreatment variables including age, Ther- 
apeutic Intervention Scoring System, Glasgow Coma 
Scale, age, and Trauma Score demonstrated no apprecia- 
ble differences (Table 3). 
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TABLE 3. Ventilator Variables at the Time the Therapeutic Endpoint 


Was Reached 
Respiratory CMV HFV CMV HFV 
Parameter (Total) (Total) (ARDS) (ARDS) 


Time to reach 


therapeutic 

endpoint 0.41 +0.02 0.39+0.2 05340.2 0.49 + 0.2 
FIO, 0.48 + I 046+1 O51+01 0.47+£1.2 
PIP 43+ 15 38+ 11 60 + 13 45 + 12* 
CPAP [1+3 944 16.544 is 3F 
Paw 14+2 1242 2245 17 £'5Ẹ} 
Ir 1.6 + 0.4 23206. 172033. 2.52£0.7f 


* p < 0.05 CMV-ARDS vs. HFV-ARDS. 
tp < 0.01 CMV-ARDS ys. HFV-ARDS. 


The therapeutic endpoint was reached in 45 of 48 pa- 
tients in the CMV group and in 51 of 52 patients in the 
HFV group. There was no difference in the time to reach 
the therapeutic endpoint. When the groups as a whole 
were compared, there were no statistically significant dif- 
ferences in ventilator parameters at the time the thera- 
peutic endpoint was reached. When the ARDS groups 
were compared, however, the HFV group demonstrated 
significantly lower peak, mean, and end-expiratory pres- 
sures and a longer inspiratory time than the CMV group 
(Table 4). 

We also compared the raw values for blood gas and 
cardiovascular parameters between the groups. These were 
expressed as a function of ventilator days. There were no 
statistically significant differences in hospital days, ICU 
days, or ventilator days between the groups. Also there 
was no difference in the total number of blood gases ob- 
tained or the number of cardiac output determinations 
(Table 5). . 

The incidence of pulmonary barotrauma for all patients 
was 3% (3 of 100 patients). There were two pneumothora- 


TABLE 4. Study Parameters 


TABLE 2. Patient Population 


CMV HFV CMV HFV 

(Total) (Total) (ARDS) (ARDS) 
Age 45 + 20 41 +-16 49 +21 42 + 18 
Sex 18/30 17/35 10/18 11/21 
TISS (admission) 41+6 4247 47 +6 47 +8 
GCS (admission) 1243 I2+3 1it3 be 2 
TS 1l+2 li£3 9+ 1.6 sas Oe 


CMV HFV p 
SICU (days) 13 +5 1447 NS 
VENT (days) 10 + 4.2 Il +7 NS 
HOSPITAL (days) de eae be, 25 + 13 NS 
ABG (total) 100 + 52 98 + 67 NS 
ABG (day) 8.53 8.4 +6 NS 
VBG (total) 54 +44 66 + 43 NS 
VBG (day) 4.643 528 NS 
CO (total) 63 + 45 72 + 47 NS 
CO (day) 5223 5.4 + 2.7 NS 
PaO (torr) 15 4.2 18 + 2.6 NS 
CVP (torr) 14 + 3.6 16+ 3 NS 
CO (L/minute) oe te 2k Tit? NS 
CI (L/minute/m?) 3.741 4) 41 NS 
Qsp/Qt (%) +4 in 2 NS 
PaO, (torr) 86 + 14 87 + 11 NS 
PaCO, (torr) 41+3 40 + 2 NS 


NS, not significant. 
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TABLE 5, Changes in Oxygenation and Ventilation Afier 
Crossing Over from One Ventilator to Another 


Study Parameters CMV to HFV HFV to CMV 
Number 3 J 
Change in PaO, +1244 +18 
Change in PaCQ, wh ob i ong 
Change in CPAP wm 3 ob 2 +4 
Change in PIP -8 xt 3 +14 
Change in Qsp/Qt 
Number surviving I 0 
Number reaching therapeutic ' 

endpoint l 0 Q 


ces in the CMV and ARDS group (7%) and one in the 
HFV and ARDS group (3%). There were no ventilator 
failures in either group, although several air/oxygen 
blenders failed after becoming plugged with moisture from 
contaminated air lines. 

Four patients failed to reach the therapeutic endpoint 
and were transferred to the alternate mode of ventilatory 
support. Three patients were switched from CMV to HFV 
and one from HFV to CMV. Of these patients none 
reached the therapeutic endpoint and three died. The one 
patient switched from HFV to CMV improved initially, 
but over the course of 4 hours deteriorated with blood 
gases reaching pretransition levels. 


Discussion 


Ventilatory support of the patient with acute respiratory 
failure is largely supportive. The goals of ventilatory sup- 
port are to insure adequate oxygen delivery to the tissues 
-and maintain normal acid-base balance while the under- 
lying cause (sepsis, trauma, and so on) is identified and, 
if possible, treated. As such, mechanical ventilation itself 
is not life saving. Yet a myriad of ventilatory techniques 
have been developed during the past 10 years that have 
been touted as superior to conventional ventilatory sup- 
port. Perhaps the most promising of these techniques 
is HFV. | 

During the late 1970s and early 1980s, HFV was said 
to have the following advantages over conventional ven- 
tilation: (1) lower airway pressures, (2) reduced circulatory 
interference, (3) improved oxygenation due to enhanced 
diffusion and gas mixing, (4) reduced barotraumatic po- 
tential, and (5) reduced airflow through a bronchopleural 
fistula. Unfortunately most of this information was ob- 
tained from descriptive studies and anecdotal reports in 
which HFV was substituted for CMV as a salvage treat- 
ment. As such the true advantages of HFV are difficult 
to determine. 

In 1983, Carlon et al.!? published the results of a ran- 
‘ domized trial comparing high-frequency jet ventilation 
(HFJV) to conventional ventilation in 309 postoperative 
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patients. They concluded that HFJV was as safe and re- 
hable as CMV but provided no significant benefits. A crit- 
icism of this study is that the therapeutic end-points were 
different for each group. 

Our study 1s the first, to our knowledge, to prospectively 
compare a method of HFV to CMV using the same ther- 
apeutic endpoints. As such, each proposed advantage of 
HF'V will be discussed in light of the results. 

This study shows that HFV provides equal oxygenation 
and ventilation at lower peak, mean, and end-expiratory 
pressures, as compared to CMV in patients with ARDS. 
We also found that inspiratory time tended to be longer 
with HFV than with CMV and hence, I:E was shorter. 
We believe this occurs because more attention is given to 
setting inspiratory and expiratory time with pressure-lim- 
ited ventilation than during volume-oriented ventilation. 
In no situation was I:E reversed, although this has been 
suggested, by Gurevitch et al.,'° as another alternative to 
ventilating patients with ARDS. 

These reductions in airway pressures are beneficial if 
they reduce circulatory interference and barotrauma. Our 
data suggest that despite lower airway pressures, the in- 
cidence of barotrauma was unchanged and no appreciable 
differences were seen in cardiovascular variables. 

The fact that similar oxygenation and ventilation were 
achieved at lower airway pressures with HFV suggests that 
intrapulmonary gas mixing is improved. There are several 
gas transport theories that appear to be active during HFV 
that are not present during CMV. These include radial 
and axial diffusion (Taylor-type dispersion), a pendeluft 
effect between adjacent alveolar units and enhanced dif- 
fusion created by the high-frequency percussions increas- 
ing kinetic energy of the gases. All these theories are plau- 
sible and have been shown to occur in models of the 
tracheobrochial tree and in animals.!”'*® Their contri- 
bution to gas exchange in patients with ARDS is specu- 
lative, but does offer some explanation of the results ob- 
tained in our study. 

Our study did not address the effects of HFV on bron- 
chopleural airleaks. However this is the one indication 
for HFV approved by the Food and Drug Administration. 

Perhaps the most important variables in comparing 
treatments is outcome. Our study did not demonstrate 
any significant differences in mortality, hospital days, days 
on the ventilator, or days in the intensive care unit. There 
were also no differences in the number of blood gases 
drawn or cardiac output determinations made per day. 
As such, no changes in cost could be expected between 
groups. Four patients failed to reach the therapeutic end- 
point, three in the CMV group and one in the HFV group. 
The three patients switched to HFV had an improvement 
in oxygenation and ventilation at a lower airway pressure, 
but none reached the therapeutic endpoint. Of these three, 
only one survived. The one patient switched from HFV 
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to CMV had an improvement in PaO, but required an 
increase in PIP of 14 cmH,0 and in CPAP of 4 cmH,0O. 
This patient also did not reach the therapeutic endpoint 
and he did not survive. 

The use of HFV appears to have waned during the past 
few years, partly due to the fact that the initial enthusiasm 
has died and given way to more practical decision making. 
Our results demonstrate that HFV provides comparable 
oxygenation and ventilation to CMV at lower airway 
pressures. Despite lower airway pressures, however, we 
did not demonstrate any differences in pulmonary baro- 
trauma or any improvement in cardiovascular perfor- 
mance (as judged by the requirements for fluids or ion- 
tropes). The equality of oxygenation and ventilation at 
lower airway pressures suggests that HFV may enhance 
pulmonary gas distribution when compared to CMV. 
These results suggest that HFV may be advantageous in 
a small group of patients with some hemodynamic em- 
barrassment in which positive airway pressure impairs 
venous return. Other possible uses are in patients with 
previous barotrauma requiring excessively high airway 
pressures during CMV, as a method of reducing further 
airleaks. 

When used in a prospective fashion in patients with 
ARDS, HFV offers no clear advantage over CMV with 
respect to morbidity and mortality rates. The use of HFV 
should be restricted to that small group of patients re- 
fractory to conventional ventilatory techniques. 
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One-hundred and two patients with hemophilia A, hemophilia 
B, or acquired antibody to factor VIII who had undergone invasive 
procedures were cross referenced with patients participating in 
an ongoing prospective natural history study of HIV-1 infection 
in hemophiliacs. Matching revealed that HIV-1 status was known 
for 83 patients (83%) who had undergone 169 procedures between 
July 1979 and April 1988. Invasive procedures were classified 
as clean in 108 patients (63.9%), clean-contaminated in 45 
(26.6%), contaminated in 2 (1.2%), and infected in 14 (8.3%). 
Wound infection rates by HIV-1 status were as follows (95% 
confidence intervals): HIV+ 1.4% (0% to 5%), HIV— 0% (0% 
to 9%), and procedure before testing HIV+ 1.5% (0% to 6%). 
There were no significant differences between the wound infection 
rates of HIV-positive and HIV-negative hemophiliacs nor in the 
wound infection rate among all three subgroups of patients (p 
> 0.5, Fisher’s Exact Test). We conclude that surgery in HIV- 
1-infected patients who have not progressed to AIDS does not 
entail an increased risk of postoperative wound infections. 


deficiency virus who have developed the acquired 

immunodeficiency syndrome (AIDS) or AIDS- 
related complex (ARC) appear to have an increased in- 
cidence of a variety of bacterial infections.’” Disseminated 
atypical mycobacterial infection was recognized early in 
the HIV-1 epidemic as a manifestatior. of AIDS.” More 
recently infection with M. tuberculosis has been reported 
in 5% to 10% of AIDS patients studied in retrospective 
series.°-!° Patients with AIDS have also been reported to 
have increased susceptibility to a variety of other bacterial 
pathogens including Salmonella, Listeria, Streptococcus 
pneumonia, Haemophilus influenzae, Branhamella ca- 
tarrhalis, Campylobacter jejuni, Campylobacter-like or- 
ganisms, and Shigella. 
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HIV-1-infected patients undergo routine surgery as well 
as diagnostic and therapeutic procedures for complications 
of their immunodeficiency. Operative risks, including that 
of nosocomial infections, in HIV-1-infected patients who 
have not progressed to AIDS are unknown. These persons 
(Centers for Disease Control [CDC] class II) represent the 
largest group of the estimated 1.5 million HIV-1—infected 
persons in the United States.''!* There is reasonable con- 
cern about indications and risks in operating on clinically 
asymptomatic HIV-infected patients because many have 
demonstrable subclinical immune dysfunction on labo- 
ratory testing or anergy by skin testing. Such impaired 
immune function might increase the risk of perioperative 
infection, including wound infection. 

To determine if HIV-1l—infected patients, before the 
development of ARC or AIDS, were at increased risk for 
the development of postoperative wound infections, we 
compared the operative risks of HIV-!-—infected hemo- 
philiacs with those of non-HIV-1~—infected hemophiliacs. 


Methods 


This study was conducted at the University of North 
Carolina Hospital, a 600-bed acute-care hospital that 
serves as the main teaching hospital for the University of 
North Carolina School of Medicine at Chapel Hill. Nos- 
ocomial infection surveillance of all hospital patients is 
conducted by three full-time infection-control practitio- 
ners and directed by two staff members from the Division 
of Infectious Diseases. 
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As part of a natural history study, HIV-1 testing has 
been offered to all hemophiliacs currently under care. at 
the University of North Carolina Comprehensive He- 
mophilia Diagnostic and Treatment Center (see Smiley 
et al." for details). HIV-1 status was determined by. West- 
ern Blot analysis. We confined our study to patients with 
hemophilia A (deficiency of clotting factor VIII), hemo- 
philia B (deficiency of clotting factor IX), and patients 
with an inhibitor (acquired antibody to factor VIII). The 
degree of hemophilia was classified as severe (< 1% of the 
normal clotting factor activity in the blood), moderate 
(1% to 5% of the normal clotting factor activity in the 
blood), or mild. (more than 5% of the normal clotting 
factor activity in the blood). 

Using a computerized retrieval system in Medical Rec- 
ords, we ascertained all patients with hemophilia A or B 
who underwent invasive procedures between July 1978 
and April 1988. Charts of all hemophilia patients under- 
going invasive procedures were reviewed independently 
by an infection control practitioner and a surgeon, and 
coded for type of procedure, date of procedure, compli- 
cations including bleeding or hematoma, and develop- 
ment of wound or nosocomial infection. Medical evalu- 
ation after invasive procedure. is standard for all hemo- 
philiacs cared for at the Comprehensive Hemophilia 
Diagnostic and Treatment Center and was available for 
all subjects. Procedures were defined as clean, clean-con- 
taminated, contaminated, or infected using CDC cri- 
teria.'* Chart reviewers were blinded as to the HIV-1 status 
of the patient, although at times this information was re- 
corded in the chart. | 

The HIV-1 status at the time of procedure was retro- 
spectively coded as known or unknown. Patients with a 
known HIV-1 status included patients with procedures 
subsequent to a positive HIV-1 test (HIV+) and patients 
with procedures before a negative HIV-1 test (HIV-). Data 
also were accumulated on patients with an unclear HIV- 
| status who had undergone procedures before a positive 
HIV-I test (pre-HIV+). 

T4-lymphocyte subset analysis was performed i in the 
Hematology Laboratory, University of North Carolina 
Hospital. T4 levels were performed on many patients at 
6- to 12-month intervals beginning in 1983. For proce- 
dures performed before 1983, the T4 level obtained in 
1983 was used in our analysis. For procedures performed 
after 1983, the T4 level obtained most closely in time to 
the procedure was used, provided that the T4 level was 
obtained within 6 months of the procedure. 

For the purpose of this study the outcome variable of 
major interest was wound infections. If patients underwent 
multiple procedures, each procedure’s risk of infection 
was considered an independent event. T4-lymphocyte 
levels among patient groups (HIV-—, pre-HIV+, HIV+ 
pre-AIDS, HIV+ AIDS) were compared using an analysis 
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of variance on the ranks of the raw data (i.e., equivalent 
to the Kruskal-Wallis test) because the data was not nor- 
mally distributed. 


Results 
Patient Population 


. As of July 1987, HIV-1 status was known on 276 pa- 
tients with hemophilia A or B. The likelihood of being 
HIV positive correlated with severity of hemophilia. For 
patients with hemophilia A, the number of patients testing 
HIV positive over the patient population was as follows: 
severe clotting factor deficiency 126 of 162 patients 
(77.8%), moderate clotting factor deficiency 2 of 6 patients 
(33.3%), and mild clotting factor deficiency 4 of 41 patients 
(9.8%). For. patients with hemophilia B, the number of 
patients testing HIV positive over the patient population 
was as follows: severe clotting factor deficiency 13 of 30 
patients (43.3%), moderate clotting factor deficiency 0 of 
3 patients (0%), and mild clotting factor deficiency 1 of 
8 patients (12.5%). Seven of twenty-six patients (26.9%) 
with acquired antibody to factor VIII were HIV-1 positive. 

One hundred two hemophilia patients who underwent 
invasive procedures were ascertained by retrospective re- 
view of the medical records. Charts were available for 
review on 100 patients (98%). Comparison of these pa- 
tients with our ongoing prospective natural history study 
revealed that HIV-1 status was known for 83 patients 
(83%) who had undergone 169 procedures (average of 2 
procedures per patient) between July 1979 and April 1988. 

HIV-1—positive hemophiliacs in our study had more 
severe clotting factor deficiency than HIV-1-negative he- 
mophiliacs (Table 1). Patients classified as pre-HIV pos- 
itive were similar to HIV-positive patients in regard to 
their type and severity of hemophilia. The time intervals 
between the invasive procedure and positive HIV-1 test 
for the pre-HIV-positive group were as follows (cumu- 
lative %): less than 1 year, 9 patients (13%); 1 to 2 years, 
17 patients (39%); 2 to 3 years, 13 patients (58%); 3 to 4 
years, 5 patients (66%); 4 to 5 years, 8 patients (78%); 5 
to 6 years, 7 patients (88%); and more than 6 years, 8 
patients (100%). 

Invasive procedures undergone by patients in our study 
were Classifed as clean, 108-patients (63.9%); clean-con- 
taminated, 45 patients (26.6%); contaminated, 2 patients 
(1.2%); and infected, 14 patients (8.3%) (Table 2). The 
most common clean procedures were orthopedic recon- 
structions. 


Wound Infection Rates 


There were only two cases of postprocedural wound 
infection in these 169 procedures (Table 3). Wound in- 
fection rates by HIV-1 status were as follows (95% con- 
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Hemophilia 


Severe VII deficiency 
Moderate VIII deficiency 
Mild VIH deficiency 
Severe IX deficiency 
Moderate IX deficiency 
Mild IX deficiency 
Inhibitor 


Total 


* Number of patients. 


TABLE 2. Invasive Procedures Performed in Patients 
Stratified by HIV Status 


Procedure 


Clean 


Orthopedic 
Joint replacement 
Radial head excision 
Arthroplasty/synovectomy 
Other 
Biopsy 
Lymph node (excisional) 
Liver 
Bone marrow 
Brain 
- Breast 
Drainage hematoma 
Intracranial 
Intra-abdominal 
Soft tissue 
Hickman/Portacath 
Splenectomy 
Hernia repair 
Vascular (ex., A-V fistula) 
Tubal ligation 
Thoracotomy 
Excision epidermal/brachial cyst 
Other 


Clean-contaminated 


Tooth extraction (mean, 4.3) 
Intra-abdominal 

Respiratory 

ENT 

Other 


Contaminated 


Intra-abdominal 
Skin graft 


Infected 


Soft-tissue abscess 
Intra-abdominal abscess 
Perirectal abscess 

Central nervous system abscess 
Bone/joint 

Amputation 

Removal infected broviac 
Removal infected tooth 
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TABLE 1. Type and Severity of Hemophilia By HIV Status 


HIV— 


oo moe A CD me ma ome CD BRI O ee Cee — O Duw D uw c & 


oQoeececc cosa 


HIV= 


23 


Pre-HIV+ 


— o ONO Ve DOWNDOCOY OOo 


— ee Om Or OO 


IP} 


TH bh mee GA OO bs] 


31 


HIV+ 


~U BO lo 


ee COS toe Oh. Oe OO bh 


m A BO 


ODO = 


O Om Nne — BY WH 


Pre-HIV+ HIV+ 

Pt IP Pt IP 

33 61 38 64 
i i 0 0 
0 0 0 0 
i 2 2 2 
0 0 0 0 
i i { i 
2 2 2 4 

38 67 43 7i 


f Number of invasive procedures. 


fidence intervals): HIV positive, 1.4% (0% to 5%); HIV 
negative, 0% (0% to 9%); and pre-HIV positive, 1.5% (0% 
to 6%). There were no significant differences between the 
wound infection rates of HIV-positive and HIV-negative 
hemophiliacs nor in the wound infection rates comparing 
any two subgroups of patients (p > 0.5, Fisher’s Exact ` 
Test). , | l 

_ By April 1988, 12 of the 43 HIV-positive patients who 
had undergone invasive procedures had progressed to 
AIDS. Two patients developed AIDS in 1985, 2 in 1986, 
6 in 1987, and 2 in the first 4 months of 1988. Of the 71 
procedures performed in HIV-positive patients, seven 
were done after the patients were classified as having 
AIDS. Bleeding complications were noted in four of these 
seven procedures, but no wound infections complicated 
the patients’s postoperative courses. 


Bleeding Complications 


Clinically significant bleeding and/or wound hemato- 
mas occurred during many of the procedures. Rates of 
these complications by HIV-1 status were as follows (95% 
confidence intervals): HIV positive, 14% (7% to 23%); HIV 
negative, 19% (8% to 35%); and pre-HIV positive, 18% 
(10% to 28%). There were no significant differences in the 
rate of clinical bleeding and/or hematoma formation be- 
tween patients who were HIV positive or HIV negative, 
nor among any two subgroups of patients (p > 0.50, 
Fisher’s Exact Test). 


Mortality 


Four patients died within 30 days of their procedure. 
HIV-1 status at the time of death was as follows: HIV 
negative, HIV positive pre-AIDS 1, HIV positive AIDS 
2. Of the two patients with AIDS, one died from a gas- 
trointestinal hemorrhage during a hospitalization in which 
a left hip prosthesis was removed due to infection with 
Staphylococcus aureus and the other died of Pueumocys- 
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TABLE 3. Wound Infections and Clinically Significant Bleeding Resulting from Invasive Procedures in Patients Stratified by HIV Status 


HIV— 

Invasive Procedure Ip* WIt BL 
Clean 18 0 4 
Clean-contaminated 13 0 2 
Contaminated 0 0 0 
Infected 0 0 Q 
Total 3i 0 6 


* Number of invasive procedures. 
+ Number of wound infections. 


titis carinii pneumonia during a hospitalization in which 
a tracheostomy was performed. Causes of death for the 
remaining two patients were presumed illicit narcotic 
overdose and an anteroseptal myocardial infarction. 


T4-Lymphocyte Subset Analysis 


T4-lymphocyte subset analysis was available on many 
patients (Table 4). T4 levels around the time of surgery 
in order of decreased mean levels were as follows: HIV 
negative, 622; pre-HIV positive, 518; HIV positive pre- 
AIDS, 335; and AIDS, 139. Although these values were 
all statistically different, the patient’s HIV-1-infection 
status accounted for only about 20% of the variability in 
the T4-lymphocyte count (i.e., R? = 0.21). 


Discussion 


Treatment center-based studies of HIV-1 prevalence in 
hemophiliacs have revealed that 33% to 92% of subjects 
with hemophilia A and 14% to 52% of subjects with he- 
mophilia B are infected with HIV.!° Seropositivity of HIV- 
1 among hemophiliacs is uniformly distributed through- 


Pre-HIV+ HIV+ 
IP Wi BL IP WI BL 
49 l 10 41 0 5 
13 0 i 19 l 4 
l 0 0 l 0 0 
4. 0 Í 10 0 Í 
67 j 12 71 o] 10 


t Number of procedures complicated by bleeding. 


out the United States, reflecting the national distribution 
of clotting factor concentrates they received before 1985. 
Seropositivity is related to the type and severity of coag- 
ulation disorder.'? Overall about 70% of persons with he- 
mophilia A and 35% with hemophilia B are seropositive. 
Within each type of hemophilia, seropositivity increases 
with the severity of factor deficiency and, hence, with the 
amount of clotting factor received.'® Among the 407 cases 
of hemophilia-associated AIDS reported to the CDC by 
September 1987, the distribution of specific opportunistic 
infections and tumors, with the exception of significantly 
fewer reports of Kaposi’s sarcoma, was similar to ho- 
mosexual-associated and intravenous drug user-associated 
AIDS." 

Several series have compiled complication rates of sur- 
gery in hemophiliacs operated on after 1960. Unfortu- 
nately differences among the series in types of surgery 
performed and relative frequency of type and severity of 
hemophilia make comparisons among the series difficult. 
Bleeding complications have been reported to occur in 
4% to 23% of procedures, usually in the postoperative 
period rather than during operation.!’~*? While one study 


TABLE 4. 74 Lymphocyte Subset Analysis of Patients at Time of Procedure 


T4 Subset Analysis HIV— 
Patients (% total patients) 18 (78.3) 
Procedures (% total procedures) 22 (71.0) 
Procedures by T4 level 

Less than 200 2 
200-399 l 
400-599 6 
More than 600 13 
Mean T4 level 622 
Standard deviation, mean level 28 | 
Mean T4 rank* 90 
Standard deviation, mean rank 32 


* All comparisons statistically significant (p < 0.05, Tukey’s adjustment 
for multiple comparisons employed): HIV— vs. pre-HIV+ p = 0.045; 
HIV— vs. HIV+ pre-AIDS p < 0.001; HIV— vs. AIDS p < 0.001; pre- 


HIV+ 
Pre-HIV+ Pre-AIDS AIDS 
31 (81.6) 34 (85.0) 5 (83.3) 
54 (80.6) 47 (73.4) 6 (85.7) 
8 12 4 
14 19 2 
15 10 0 
17 6 0 
518 335 139 
315 217 148 
72 5] 21 
36 33 21 


HIV+ vs. HIV+ pre-AIDS p = 0.002; pre-HIV + vs. AIDS p = 0.001; 
HIV+ pre-AIDS vs. AIDS p = 0.045). 
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- noted a decrease in the incidence of hemorrhagic com- 
plications with the use of vigorous clozting factor concen- 
tration,” another did not.'® The incidence of postopera- 
tive wound infections in these series has been reported to 
vary from 0% to 1%.17!823 ; 

Eighty-three hemophiliacs in our series underwent 169 
procedures with an overall wound infection rate of 1.2%. 
Dental extractions were included in our data because 
multiple teeth were usually removed at each procedure 
(mean, 4.3), these extractions represented a potential site 
for wound infection, and dental problems are common 
in HIV-1-infected persons. There was no significant dif- 
ference in wound infection rates betwe2n the HIV-positive 
and HIV-negative patients. This overall rate of wound 
infection is similar to rates reported in the literature after 
surgery in hemophiliacs.'”'*?3 Furthermore this rate is 
similar to the reported rate for clean surgery and occurred 
despite an overall 17% incidence of documented bleeding 
complications. Our incidence of bleeding complications 
in hemophiliacs is similar to that reported by others and 
occurred despite the routine use of prophylactic and ther- 
apeutic factor replacement during the period of study. 

Patients with AIDS are at increased risk of bacterial 
infection. Atypical mycobacteria has been diagnosed in 
8% to 29% of AIDS patients during the course of their 
illness?” and M. tuberculosis in 5% to 10%. &!° In most 
cases infection with M. tuberculosis preceeds development 
of AIDS.*!° Case reports and uncontrolled series have 
suggested that patients with AIDS or ARC commonly 
develop bacterial sepsis**-?? and bacterial infections in- 
volving the respiratory tract,*°-? gastrointestinal tract,?°? 
` and skin.** Bacterial pathogens reported associated with 
AIDS have included Salmonella, Listeria, Streptococcus 
pneumoniae, Hemophilus influenzae, Branhamella.ca- 
tarrhalis, Campylobacter jejuni, Carr.pylobacter-like or- 
ganisms, and Shigella.'* 

Only limited data are available that indicate whether 
HIV-1-—infected patients who have not progressed to AIDS 
are at increased risk of bacterial infection. Unusually se- 
vere Salmonella infection, often associated with bacter- 
emia and relapse despite appropriate therapy, has been 
noted before or coincident with the diagnosis of AIDS.*>** 
Bacterial pneumonia has been reported to occur more 
frequently in HIV-infected intravenous drug abusers 


compared to noninfected controls.” An increase in the © 


incidence of pneumococcal bacteremia has been noted in 
patients at risk of HIV-1 infection but without clinical 
AIDS or ARC.*® Infectious eczemoid dermatitis was 
shown to be significantly more common in HIV-1-in- 
fected patients as compared with HIV-1—negative high- 
risk persons or controls.°? 

Despite the evidence suggesting that patients with ARC 
or AIDS are at increased risk of bacterial infection, an 
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increased risk of wound infection after invasive procedures 
has not been described. This may be because the cellular 
immune dysfunction caused by HIV-1 is different from 
the granulocyte and antibody deficiencies most often as- 
sociated with an increased risk of wound infection. Al- 


_ternatively adequate numbers of patients with ARC or 


AIDS undergoing invasive procedures have not been an- 
alyzed, Two reported series of lymph node biopsies in 
patients with ARC or AIDS revealed wound infection rates 
of 0%*° and 2.5%.*! In two series of HIV-1—infected pa- 
tients undergoing splenectomy for thromocytopenic pur- 
pura, wound infections were noted in 1 of 15 patients 
(6.7%)** and in none of 11 patients (0%).*? Despite the 
low incidence of wound infections in these series, the 
postoperative mortality rate for HIV-1—infected patients 
who have progressed to AIDS may be high. Patients with 
AIDS requiring emergency intra-abdominal surgery have 
been reported to have a 6-month survival rate of less than 
50%.***° AIDS patients undergoing anorectal surgery have 
been reported to have a rate of poor healing of 88% and 
a 16% rate of major complications.” The morbidity and 
mortality of surgery in patients with AIDS deserves further 
study because approximately 18% to 24% of patients with 
ARC or AIDS require surgical procedures. 

The decision to perform an invasive procedure must 
always be analyzed cn the basis of the risk-benefit ratio 
for the patient and an informed decision by the patient 
and physician. As with other patients, the decision to per- 
form an invasive procedure on an HIV-1—positive indi- 
vidual should be based, in part, on the risks and benefits 
of the procedure. Our controlled series demonstrated 
similar risks for postoperative wound infections between 
HIV-l-infected and uninfected hemophiliacs. While the 
number of operations in patients who had progressed to 
AIDS was small, this group also did not have an increased 
incidence of postoperative wound infections. Although 
14-lymphcyte counts were lower in HIV-~-1-infected com- 
pared with noninfected hemophiliacs, they did not predict 
an increased susceptibility to wound infections. Although 
our data was derived from a study of hemophiliacs, we 
believe it is likely to be applicable to HIV-1—infected per- 
sons who have acquired infection via intravenous drug 
abuse or heter- or homosexual transmission. Despite the 
frequent occurrence of wound bleeding and/or hemato- 
mas, events that predispose to wound infections, the rate 
of wound infections in both our HIV-1l—infected and 
noninfected subgroups was within commonly accepted 
surgical standards. 

Published series of surgical procedures among patients 
with ARC and AIDS have been relatively small. The post- ` 
operative morbidity and mortality rates among these pa- 
tients, particularly among those with gastrointestinal 
complications of ARC or AIDS, are substantially higher 
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than those of the general population. Among asymptom- 
ff atic HIV-l-positive patients in our series, the operative 
' (30-day) mortality rate was 1.7%, while among HIV-1- 
positive patients with AIDS it was 29%. Additional studies 
will be needed to further define the postoperative mortality 
in patients with AIDS because our data was based only 
on seven operations in the patient group. 


Because there is no increased risk of operation in HIV- 


1-infected patients who do not have AIDS, screening all 
patients before surgery would not provide additional use- 
ful information in assessing patient risk of a postoperative 
wound infection. Considering the extent of the HIV-1 


ye 


epidemic, however, further study of the outcome and 


complications of invasive procedures in patients with all 
stages and manifestations of HIV-1 infection is warranted. 
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Duplex Scanning of Central Vascular 
Access Sites in Burn Patients 





MICHAEL WAIT, M.D., JOHN L. HUNT, M.D., and GARY F. PORDUE, M.D. 


Seventy-one burned patients requiring intensive care unit man- 
agement underwent 570 central venous and 167 femoral arterial 
catheterizations. These patients were surveyed by repeated 
physical examinations and duplex scans for vascular-related 
complications. Catheter sites were rotated every 3 days. No ar- 
terial thrombi or occlusions were noted. Fourteen patients 
(19.6%) had 19 positive venous duplex scans. Five patients (7%) 
had symptomatic deep venous thrombosis (DVT) and nine 
(12.6%) had asymptomatic DVT. Mean number of venous can- 
nulations before a positive scan was 4.3 (range 1 to 17). All five 
symptomatic patients had DVT that originated in the lower ex- 
tremities. No patient had clinical evidence of a pulmonary em- 
bolus, or limb morbidity resulting from the DVT. Follow-up du- 
plex scans in the five asymptomatic and three symptomatic pa- 
tients showed complete resolution in each case. This study 
demonstrates the high incidence and natural history of central 
DVT in a group of critically ill burn patients. 


thrombosis (DVT) in the postoperative period is 
estimated to be between 25% and 40%.' This in- 
cludes both peripheral and central sites. Upper-extremity 
DVT is reported to occur in from 1.3% to 9% of axillary 
and subclavian veins.“ 
Short- and long-term vascular access in the patient with 
a large burn not only represents a difficult technical prob- 
lem but more importantly may be the cause of significant 
local and systemic morbidity. The technical complications 
reported in the literature are legion and include throm- 
boembolism, sepsis, pneumothorax, and particularly 
DVT.*-!! The latter is especially dangerous because of the 
association with fatal and nonfatal pulmonary emboli.!? 
A previous prospective clinical study in burn patients 
demonstrated only six complications in more than 2190 
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femoral arterial and venous cannulizations performed 
during a 3.5-year period.!? 

The clinical diagnosis of DVT based on the history and 
physical examination may be erroneous in as many as 
50% of the cases, and nearly 50% of all cases are silent.'* 
The burned lower extremity may be associated with a 
number of factors not found in other patient populations 
that decrease the accuracy of the physical examination. 
These include pain, edema, and tenderness associated with 
the burn, escharotomies, fasciotomies, a grafted wound 
bed and donor sites. 

Until now venography had been considered the diag- 
nostic gold standard for DVT and, until recently, was the 
most frequently used and most accurate of all tests.!> Now 
the ideal noninvasive method of detecting DVT is with 
real-time B-mode venous ultrasound (duplex scanning). 
This test not only provides anatomic information but also 
physiologic data relevant to flow in the vessel. The duplex 
scan is as accurate as either venography or arteriography 
but does not cause the complications found with an in- 
vasive procedure.'*~° It is superior to Doppler ultrasound 
for the diagnosis of femoral DVT when the clot is non- 
occlusive.?! The sensitivity of the duplex scan is reported 
to be between 89% and 100% and the specificity is between 
94% and 100% when compared to venography.?!? 

A study was undertaken using duplex scanning to iden- 
tify both the incidence and natural history of central DVT 
and accumulate additional data on the safety of femoral 
arterial cannulation in critically ill burn patients. 


Materials and Methods 


Two hundred thirty-eight patients were admitted to the 
Parkland Memorial Hospital burn Intensive Care Unit 
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duirng an 18-month period. Seventy-one patients requir- 
ing central vascular access were studied serially for the 
development of DVT. The mean age was 31.8 years, with 
~- arange from 15 months to 68 years. The mean total burn 
surface area (TBSA) was 55.6% (range 15% to 97%). There 
were 167 common femoral artery and 570 central venous 
cannulations, as well as an unknown number of single 
punctures for the purpose of obtaining blood chemistries. 
The venous access sites included internal jugular-42, sub- 
clavian-30, and common femoral-498. Catheter sites were 
routinely changed every 3 days. 

The following data were collected on all study patients: 
catheter type, size, number of lumens, location of access, 
ease of insertion, indications for insertions, and compli- 
cations. Catheterizations were performed by the percu- 
taneous Seldinger technique. A variety of catheter-type 
material was used. Single lumen intravenous catheters 
were used in 80% of the cases. The largest-gauge catheter 
used for central access in adults and children was 19 and 
22, respectively. Femoral artery catheterization was 
avoided during acute burn resuscitation. No patient had 
a past history of central venous access, pulmonary emboli, 
or DVT. Prophylactic low-dose subcutaneous heparin, 
compressive leg wrapping, or pneumatic calf compression 
were not used in these patients. 

Venous and arterial duplex scanning was performed 
by the same technician with a Diasonics Duplex Scanner 
(model DRF 400, Barber Lane, Milpitas, CA), using a 
7.5-megaHertz ultrasonographic real-time imager and a 
4.5-megaHertz scanner for Doppler spectral analysis. Du- 
plex examinations of bilateral venous and arterial sites in 
the groin and the neck, including the subclavian veins, 
were performed each time. 

The presence of any of the following criteria indicated 
DVT: (1) visualization of intravascular thrombus; (2) 
noncollapsible, noncompressible vessel wall; (3) inability 
to augment or demonstrate a doppler flow signal; and (4) 
inability to visualize motion, valves, or blood flow. All 
patients with DVT were restudied every 7 to 10 days until 
discharge and then scanned periodically as outpatients 
until the duplex scan was normal. 


Results 


There were no instances of intimal injury or arterial 
thrombosis detected by Duplex scanning. Of the 71 pa- 
tients, 14 (19.7%) developed 19 instances of DVT in cen- 
tral veins. The venous sites included 4 subclavian after 6 
cannulations, 4 internal jugular after 19 cannulations, and 
11 femoral after 158 cannulations. There were 12 partial 
and seven complete venous thrombi. Nine patients with 
DVT were asymptomatic and five were symptomatic. 
Each of the latter patients presented with the sudden de- 
velopment of unilateral leg edema. There was no signif- 
icant difference between the patients with symptomatic 
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and asymptomatic DVT regarding burn size, age, post- 
burn day of diagnosis of DVT, number of operations, or 
length of hospitalization. The mean postburn day that 
DVT was diagnosed was 45, with a range of days 10 to 
110. The mean number of venous cannulations before a 
positive scan was 4.3 (range, | to 17). Seven instances of 
DVT developed after one cannulation (Table 1). No pa- 
tient with either subclavian or jugular DVT was symp- 
tomatic (Figures 1A and B). Seven of the eight subclavian 
and internal jugular DVT sites were in two patients. Pa- 
tients without evidence of DVT had significantly fewer 
overall venous cannulations than patients who devel- 
oped DVT. 

Three of the seventy-one patients were scanned within 
1 week of burn and each had a normal scan. Scans were 
repeated every 7 to 10 days. Asymptomatic femoral DVT 
was detected on days 30, 44, and 97, respectively, after a 
normal scan. The number of cannulations of each vessel 
before DVT was 4, 12, and 16, respectively. 

Six of the fourteen patients with DVT died in the hos- 
pital, two from a stroke, three from sepsis, and one from 
inadvertent airway extubation. Two patients with symp- 
tomatic DVT died, one with an 86% TBSA burn from 
sepsis, and the other from a cerebral vascular accident. 
No autopsies were performed. Comparison by chi square 
univarant analysis between patients’ with and without 
DVT revealed the following to be statistically significant: 
need for Swan-Ganz catheter monitoring (p < 0.05), sepsis 
(p < 0.001), ARDS (p < 0.05), stroke (p < 0.001), and 
death (p < 0.001). None of the patients with asymptomatic 
DVT received heparin, coumadin, or an inferior vena 
cava filter. Only one patient with symptomatic DVT was 
anticoagulated because of phlegmasia cerulea dolens. 

The eight surviving asymptomatic patients were 
scanned every 2 weeks after discharge. The five asymp- 
tomatic patients had complete resolution of the DVT. 
The mean day of resolution was 32, with a range of 24 to 
60 days. The three symptomatic patients had complete 
resolution of the DVT on days 31, 38, and 42, respectively, 


TABLE 1. Number of Catheterizations Per Patient 


Number of 
Catheter Group A Group B 
Insertions m= 14) {n = 57) p value 
1-5 | 30 0.0014 
6-10 6 7 0.008 
11~20 4 11 NS 
21-30 ] 6 NS 
31-40 | 3 NS 
41-50 l Ç NS 
Total 570 14 57 


A comparison of the number of central venous catheterizations in 
patients with subsequent DVT (group A) and those patients without 
DVT (group B). 
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FIGS. 1A AND B. (A) Lon- 
gitudinal view with B-mode 
duplex scan of internal jug- 
ular vein. Arrow denotes 
partially occlusive throm- 
bus adherent to anterior 
wall. (B) Cross-sectional 
duplex scan of jugular vein 
with near-occlusive throm- 
bus (arrow). 
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after the occlusion. None of the eight patients have de- 
veloped signs or symptoms of a pulmonary embolus or 
venous insufficiency. The follow-up ranges from 14 to 31 
months. 


Discussion 


This study updates and reaffirms data previously re- 
ported from this burn unit; complications associated with 
cannulation of the femoral artery are minimal. This con- 
tinues to be a practical and safe route for arterial can- 
nulation in burn patients. 

The critically ill burn patient certainly possesses the 
three predisposing factors associated with venous throm- 
bosis proposed by Virchow: (1) stasis of blood (hemocon- 
centration and hypotension in the acute resuscitation 
phase and prolonged immobilization), (2) hypercoagul- 
ability, and (3) vascular intimal injury (vessel cannu- 
lation). 

Central vascular access is important in the critically ill 
burn patient. While central venous access ideally should 
be used only for hemodynamic monitoring or hyperali- 
mentation, and not resuscitation or routine access, fre- 
quently this is not practical in burn patients. Because pe- 
ripheral sites are preferentially used in the early postburn 
period, they are rapidly exhausted. Many veins can’t be 
used because they are destroyed by the overlying cuta- 
neous injury or excised with the burn eschar. 

Prolonged intensive care unit management of large cu- 
taneous burns frequently requires double and even triple 
lumen catheters, Swan-Ganz catheter monitoring, re- 
peated access in the same vessel, and the use of hypertonic 
intravenous fluids for hyperalimentation. The risk of both 
systemic sepsis and local suppurative thrombophlebitis 
represent additional predisposing factors for the devel- 
opment of DVT. 

Rotation of intravascular sites every 3 days has been 
shown to decrease the risk of suppurative thrombophle- 
bitis.” In a study of 139 burn deaths there was a 37% 
incidence of venous thrombosis found at autopsy and 39% 
of these were infected.” The standard practice in treating 
burned patients with central lines is to both rotate and 
change the catheters sites every 3 days. 

Sevitt and Gallagher” identified a 60% incidence of 
venous thrombosis and a 5.5% incidence of pulmonary 
emboli at necropsy in 33 burned patients. McDowall?’ 
reviewed the clinical records and postmortem reports of 
deaths attributed to pulmonary emboli in 2250 burn pa- 
tients and found a 0.04% incidence. No data was given 
on the incidence of central DVT in either of these two 
studies. Mayou et al.”® prospectively studied 15 burn pa- 
tients with I!” fibrinogen. Nine scans were positive (60%) 
and eight were confirmed with venography. There were 
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two cases of femoral thrombi and one pulmonary em- 
bolus. 

Clagett?’ pooled data from 54 previously published 
studies during a 10-year period evaluating different meth- 
ods of prophylaxis for DVT and reported a 25% incidence 
of DVT in general surgical patients. The incidence of pul- 
monary emboli in the same group of pooled studies ap- 
proached 1.6%. However the diagnosis of DVT was largely 
made using I'*° fibrinogen uptake scanning and many 
series did not specify if central vascular sites were involved. 
There appears to be little argument that low-dose heparin 
reduces the risk of postoperative DVT, but data is less 
convincing that it reduces the risk of fatal pulmonary em- 
boli. 

Central DVT in the jugular or subclavian veins rep- 
resents a particularly difficult therapeutic challenge.*°*! 
Seven of the eight subclavian and internal jugular DVT 
in this series occurred in two patients. The one patient 
who died had small pulmonary emboli at autopsy, but 
the cause of death was sepsis. In a study reported by Hor- 
ratas,> 28% of patients with previous subclavian vein 
catheterization had a 28% incidence of DVT and 12% 
developed pulmonary emboli. Harley et al.” identified 
pulmonary emboli in 35.7% of 14 patients with axillary 
and subclavian vein thrombosis, but none had hospital- 
acquired DVT. 

The initial manifestation of DVT may be a pulmonary 
embolus. More than 80% of pulmonary emboli originate 
in the deep veins of the leg, and the majority originate 
when the thrombus extends above the knee.*” While the 
12.6% incidence of asymptomatic DVT in these 71 pa- 
tients is alarming, there has been no chronic limb mor- 
bidity or pulmonary emboli in the surviving patients, with 
the follow-up exceeding 2.5 years. During the last 8 years 
in more than 3200 admissions to this burn unit, there 
have been no fatal pulmonary emboli and only six non- 
fatal, clinically diagnosed pulmonary emboli.’ Three of 
these six patients received low-dose subcutaneous heparin 
and none had lower-extremity central venous access. 

Because lower-extremity DVT is common in surgical 
patients and results in significant acute and chronic mor- 
bidity and even fatal pulmonary emboli, early diagnosis 
and treatment are paramount. Prophylactic and thera- 
peutic treatment regimens have become standardized for 
symptomatic DVT.***° On the other hand, the treatment 
of asymptomatic DVT in burn patients is uncharted. 

The low incidence of pulmonary emboli in this burn 
unit does not correlate with reported series of general sur- 
gical patients.” Because this was not a prospective study 
and the number of patients was small, the true incidence 
of central DVT and the exact time of thrombus formation 
in asymptomatic cases could not be determined. Therefore 
none of the patients with asymptomatic DVT were an- 
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ticoagulated or had insertion of a inferior vena cava filter. 
Four of the five symptomatic patients were not antico- 
agulated because each had a large open burn wound, 
which was considered a contraindication to anticoagu- 
lation. 

The present study is the first to provide data about the 
incidence and natural history of central DVT in burn 
patients. This represents a unique subset of intensive care 
unit patients and therefore care must be exercised in in- 
terpreting this data and how the patients were treated. It 
is hoped that investigators in other burn units will accu- 
mulate data on both the incidence of central DVT and 
pulmonary emboli so that safe and effective treatment 
regimens can be formulated and, more importantly, better 
preventive measures can be developed. 

This study raises more questions than answers. Should 
all burn patients with central lines be treated with pro- 
phylactic low-dose subcutaneous heparin because of the 
high incidence of symptomatic and asymptomatic DVT? 
If anticoagulation is believed to be contraindicated in a 
burn patient with either symptomatic or asymptomatic 
DVT, should caval interruption be instituted? Should a 
vena cava filter be inserted in the septic burn patient when 
anticoagulation is contraindicated? If the low incidence 
of pulmonary emboli found in this unit is confirmed by 
others, is any therapy warranted for asymptomatic DVT? 
Should routine serial Duplex scanning be performed in 
burn patients with central venous access to identify DVT? 
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list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings In- 
troduction, Methods, Results, and Discussion. Long articles may 
need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Other types of 
articles such as case reports, reviews, and editorials are likely to 
need other formats, and authors should consult individual jour- 
nals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 


aN 


A tribute to one man’s personal achievements. 


And an examination of medical advances 
throughout the profession. 
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Jonathan E. Rhoads 


EIGHTIETH BIRTHDAY SYMPOSIUM 


Edited by Clyde F. Barker, M.D. and 
John M. Daly, M.D. 


In 1987, a group of Dr. Rhoads’ colleagues convened a 
birthday symposium asa tribute toa physician that holds an 
esteemed place in American surgery ... it evolved into a 
scientific program many regarded as equal to that of major 
national surgical societies. And here is the book that takes 
you there. 


A work of insight and skill, wit and wisdom 

Jonathan E. Rhoad’s Eightieth Birthday Symposium contains 
over 50 scientific papers and commemorative articles writ- 
ten and presented by Dr. Rhoad’s colleagues, former stu- 
dents and admirers. They offer accounts of his scientific 
contributions, incisive analyses of medicine’s key issues, 
and lively discussions that provoke thought and stimulate 
interest. 


A sampling of topics: 

e The Current Crisis in AIDS (by Dr. C. Everett Koop) 

e Gastrointestinal Hormones 

e Coarctation of the Aorta in Infancy 

¢ The First Lung and Heart Transplants in Man: Scientific 
Bases and Societal Dimensions in Retrospect 

e Mammography and Palpable Cancer of the Breast 


517 Pages. Many Illustrations. 1989. $80.00 


Want it faster? Call TOLL FREE (USA except AK) 1-800- 
638-3030. In Maryland, call collect 301-824-7300. Or use the 
coupon below. Lippincott books are also available from 
your health science bookstore or Lippincott representative. 


cess na Lippincott, 


34 pb Spne Lippincott. Professional books nay be tax deductible. Offer valid 
in U. 


J YES! Please send me for 30 days on-approval 
examination: UQ Rhoads (65-11703) $80.00. 


Name 
Address 
|, a ar ey 

9 digit 
Phone 
J Payment enclosed" (save postage and handling) 
(d Bill me (plus postage and handling) 
J Charge it:* (save postage and handling) 

J MasterCard Id VISA 

Card No. Exp. Date 
Signature 


J.B. Lippincott Company 
P.O. Box 280, 
Philadelphia, PA 19105 


*Add sales tax. Prices in U.S. funds and subject to change. Orders subject to 


S. and Canada only. 
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Australian 


American 
Surgery 
Meeting 
We invite you to join in this 


Study tour in Australia 
October 10 - 27, 1990 


For full details, please contact 
International Medical Seminars 
PO. Box 1209, Santa Ynez, CA 93460 
Call toll-free: 800 551-0019 


Community 
Health Plan 


GENERAL SURGEON 
New York State 
Capital Region 


CHP, a leader in physician managed, prepaid health care 
in the Northeast, is looking for a fifth General Surgeon to 
join a well-established surgery department at our multi- 
specialty center near Albany, New York. 


Our surgeons are universally trained, board certified 
physicians who joined CHP because they value 


* having a referral practice with autonomy in manag- 
ing the clinical decisions; 


working with a team of well trained colleagues with 
whom they discuss clinical issues rather than reim- 
bursement problems; 


quality cross coverage and built-in time off for a 
personal, family life; 


living in the Capital Region which offers multiple 
cultural, educational and recreational opportunities 
with easy access to Boston, Manhattan and 
Montreal. 


For more information please contact: 


Mary Brand 
Physician Recruiter 
Community Health Plan 
1201 Troy-Schenectady Road 
Latham, New York 12110 
800/544-4435 


* 
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j For your professional library 
Bound volumes of 


Annals of Surgery 
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Long after your personal copies of 

f ANNALS OF SURGERY have been read, 
shared with your office staff, used up and 
worn out, you can have instant access to 
the unique and valuable information in 
back issues of this distinguished journal by 
ordering bound volumes. 


Your bound volumes give you a permanent and 
comprehensive reference for changes and 
advances in your specialty—a source that will 
grow and increase in usefulness over the years. 
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Each volume features: 
a all text pages of every issue, including the to go to the trouble and expense of having them 
complete atithor and title atas bound locally. We over-run copies of each issue 
aa Ty in order to have sufficient quantities on hand. 
= no advertising—only professional, clinically But we must tell our printer how many we need, 
pertinent material (a space-saver on your so please let us know right away. 
kshelve ; 
bookshelves) PORNEA You must be a current subscriber to take 
m handsome, dur able bindings in maroon advantage of this bound volume offer. 
buckram, with the journal name, year, and Order your bound volumes today. They will be on 


volume number imprinted in gold on the spine their way to you shortly after the publication of 
No need to return your personal copies to us, or the final volume issue. 


C 


Yes! Please send me the 1989 bound volumes of Annals of Surgery 
(65-98650/65-98668) for $60.00 U.S. ($70.00 elsewhere). 


C 


TO ORDER...Call us TOLL FREE (USA except AK) 1-800-638-3030. 
In Maryland, call collect 301-824-7300. 








Lippincott 


J. B. Lippincott Company, P O. Box 1630, Hagerstown, MD 21741-1630 A81990 
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1988 in Its 
entirety! 






Lippincott presents the first disc in a series of Cancer, 
a journal of the American Cancer Society. The disc 
includes all 24 issues published in 1988 and 
represents the complete delivery of all information 
contained in them: text, tables, “color and black-and- 
white images, references cited, and captions. 


Access information instantly 
on your own PC! 


Electronic reference technology represents a 
quantum leap in the access to medical information. 
DiscPassage™ software from CMC ReSearch provides 
full text word scanning, browsing, and a traditional 
table of contents. 


A real space-saver 

Shelf storage is reduced from several feet to V4” 
Storing multiple issues on a single compact disc 
makes the vital information in Cancer instantly 
available when you need it, where you can find it. 


Features: 


= Complete text of all articles and supplements from 
Volumes 61 and 62, inclusive. 

m All text, references cited, and captions are full-text 
indexed. 

w Author, subject, and title indexes. 

a Index browsing and table of contents functions. 

= DiscPassage text and image retrieval software. 

m |SO-9960 disc format. 


Hardware requirements: 


IBM or compatible PC wth hard disk, DOS 3.1 or later, 
CD-ROM player with MS-CDEX, 640K RAM. “Image 
display requires VGA video board with 512K RAM 
capable of 640 x 480 x 256 colors, and VGA monitor. 


Published by J.B. Lippincott Company 


Order your Cancer CD today! 


J.B. Lippincott Company 
227 East Washington Square « Philadelphia, PA 19106-3780 


O Please send me for 30 days’ ON-APPROVAL examination: 
Cancer CD $195.00 


Name 


Address 


A 








City/State/Zip 





Signature | 
C Payment enclosed” (save postage & handling) 





C Bill me (plus postage & handling) 
© Charge it:* (save postage & handling) © MasterCard C VISA 
Card # Exp. date 


*Add sales tax. Prices in US. funds and subject to change. Orders subject to approval of 
Lippincott. Professional books may be tax deductible. 
Offer valid in U.S.A. and Canada only. 
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Staff Physician/ 
Clinic Director 


Growing national medical practice 
is seeking a few vibrant, energetic 
and procedurally-oriented doctors. 
General surgeons with managerial 
experience are preferred. 


For the selected candidate, we 
offer a compensation package (salary 
and bonus) which will enable you to 
earn $100,000 to $200,000 per 
year. Additionally, we offer attrac- 
tive hours and excellent benefits. 


Please send your Curriculum 
Vitae to: 


Lloyd R. Shapiro 
Director of Medical Recruitment 


Vein Clinics of America 


Two TransAm Plaza Drive Suite 450 
Oakbrook Terrace, Illinois 60181 











KAISER PERMANENTE 


GENERAL SURGEON 
WHITE PLAINS AREA 


Northeast Permanente Medical Group, P.C. of NY is 
seeking a BC/BE General Surgeon to join its group in 
the White Plains area. We are a multi-speciality group 
based in West Chester County and are associated with 
one of the most successful HMO’s in the country. 


We offer: 


Excellent salary and outstanding benefits 
Group-paid full coverage malpractice insurance 
Membership in a 90+ physician group 

Rapidly growing prepaid membership 
(currently over 100,000) 

e An environment that encourages innovative 
approaches to health care delivery 


Send Curriculum Vitae to: 
Karen Arthur, M.D. 
Chief 
Surgery 
NPMG 
60 Washington Street, Suite 401 
Hartford, CT 06106 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruting personnel or inter- 
ested in obtaining positions. Display spaces available 
for those desiring greater visibility or more space for 
their message. 






Classified ad copy, like other advertising copy, will 
be reviewed for approval prior to publication. 


Classified Rates: $10.00 per line or fraction of 
line. The average line will be 62 characters. 


Box Numbers: Replies may be directed via Box # 
to J.B. Lippincott Company, at an extra charge per 
insertion of $6.50 to cover handling costs in forward- 
ing such replies to the advertiser. 








How to Order: Prepayment not required. Send 
typewritten text copy for the ad to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kathleen Phelan 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will 
run in the second following month's issue, e.g. 
November 15th for January issue. Ads received after 
the 15th will run in the next available issue. 
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ACADEMIC PROGRAM DIRECTOR: General Surgery Resi- 
dency Training Program. MacNeal Hospital, a west suburban 
Chicago teaching hospital, is seeking an Academic Program Director 
to lead its General Surgery Residency Training Program. The 
individual must be board certified in general surgery and a surgical 
subspecialty. The candidate selected will assume appropriate admi- 
nistrative and teaching responsibilities for the professional and 
scholarly growth of the department; will also actively participate in 
patient care and conduct daily patient rounds with house staff. The 
ideal candidate has national stature in the field of surgery, with a 
demonstrated record of excellence in scholarship, clinical service and 
academic administration. MacNeal Hospital is a 427-bed facility, 
accredited to educate 5 General Surgery Residents in an integrated 
program with the University of Illinois. Academic appointment is 
required. A competitive salary and benefit package is available. 
Candidates should forward a letter of application and CV to: Jerry 
Lee, Vice President, Physician Affairs, MacNeal Hospital, 3249 
S. Oak Park Ave., Berwyn, IL 60402. 


SENSES 


ACADEMIC—Trauma/Emergency Surgery: Metropolitan 
Nashville General Hospital, a Vanderbilt University affiliate hospital, 
seeks a general surgeon to direct the Trauma Service. Applicant must 
have an interest in providing attending coverage in the 48,000 visits 
per year Emergency Department, be Board prepared or certified in 
General Surgery and have demonstrated an interest in Emergency 
and Trauma Service care. Position includes academic appointment 
commensurate with experience, excellent benefits, and research 
opportunities. Send inquiry and C.V. to Thom R. Mitchell, M.D., 
Director, Emergency Service, Metropolitan Nashville General 
Hospital, 72 Hermitage Avenue, Nashville, TN 37210. Metropol- 
itan Nashville General Hospital & Vanderbilt University are Equal 
Opportunity/Affirmative Action Employers. 


SSE 


ALL SURGICAL SPECIALTIES, North & South Carolina, 
Florida, Delaware, nationwide. Dr. Len Goodman, P.O. Box 
25786, Charlotte, NC 28229. 704-536-2527. 
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Academic Position available in General Surgery at a newly 
established Medical School based in a 500+ bed tertiary care hospital 
serving a population center of 350,000. Duties include research, 
teaching students and residents. Large research laboratory in 
operation, staffed by a biochemist. Generous salary, office expenses 
and insurance with an opportunity for private practice. Please send 
CV to: Will C. Sealy, M.D., Professor and Chairman, Depart- 
ment of Surgery, 777 Hemlock St., PO. Box 6000, Macon, GA 
31208. 
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BC GENERAL SURGEON—MIDSOUTH: Chief of Surgery, 
Direct 7 staff, major abdominal, ambulatory, 187-bed VA Medical 
Center in NW Arkansas. State University sports, cultural events. 
Lakes and mountains. Competitive salary. Benefits include vacation, 
SL/insurance, retirement, no mal-practice. Contact: Chief of Staff, 
501-444-5050. 
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BE/BC GENERAL SURGEON—Alabama—Excellent private 
practice opportunity in growing metropolitan area of 240,000 in 
Huntsville, AL. We need an associate, university trained, experienced 
and interested in trauma surgery to join two established surgeons in 
the practice of oncologic, vascular, general and trauma surgery. Send 
CV to P.O. Box 424, Huntsville, AL 35804-0424, 


eee 


BC/BE General Surgeon to join surgical service performing a full 
range of general, vascular and non cardiac thoracic surgical 
procedures. Endoscopy experience preferred. Send C.V. to Chief of 
Surgery, Boise VAMC, 500 W. Fort Street, Boise, ID 83702- 
4598. 
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BC/E GENERAL SURGEON—California—Exceptional 
opportunity to assume an excellent private practice. Guaranteed 
income. Growing service area now 90,000. California license 
required. 112 bed full service hospital. Located in Central California 
near Sequoia National Park, Tulare offers a family-oriented envi- 
ronment, beautiful homes attractively priced, abundant recreation, 
good schools, restaurants, services and shopping. New busineses are 
contributing to the steady growth of our active community, where 
the lifestyle advantages of a small city are combined with easy access 
to all California’s attractions. For more information, please send CV 
or call: Tulare District Hospital Physician Recruiting Office, PO. 
Box 90112, Los Angeles, CA 90009, (213) 216-2687. 


sess 


BC/BE SURGEON—General/Vascular experience required. 
Endoscopy and/or thoracic desirable. Multi-specialty clinic. Position 
available 1991. Attractive NE Wisconsin. Abundant outdoor 
activities in family-oriented community. Send CV: David Manke, 
M.D., West Side Clinic, Box 19070, Green Bay, WI 54307. 
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ENGLEWOOD, COLORADO: 320-bed, not-for-profit hospital 
in south suburb of Denver seeking Trauma Surgeons to join busy 
private practice. Should be trained in a Level 1 trauma center. Do 
not require trauma fellowship. 1-2 shifts per week in hospital. Salary 
guarantee based on number of hospital shifts. Looking for a“person- 
ality person.” Please send CV to SMC, P.O. Box 2901, Englewood, 
CO 80150-0101. Attention: Physician Services. 





GENERAL SURGEON—Busy surgical practice seeking a fifth 
BC/BE ASSOCIATE. Should have an interest in peripheral 
vascular surgery. Quality lifestyle in medium sized, mid-western 
university Community close to metropolitan area. Benefits and 
guarantee with early partnership opportunity. Send CV to PO. Box 
8009, Muncie, IN 47304; 317-284-7703. 


Fellowship in cardiovascular surgery for 1 year available January 
1 or July 1 with group doing approximately 1,000 cardiac 
procedures per year and large volume of vascular procedures. ABS 
eligible or certified, California medical license required or readily 
obtainable. Ideal for a person between general surgery residency and 
thoracic surgery residency. Please respond with curriculum vitae to 
Bradley J. Harlan, M.D., 5301 F Street, Suite 312, Sacramento, 
CA 95819. 





GENERAL SURGEON BC/BE or BE this year. Join solo surgeon 
in practice on north side of Chicago. FAX CV and personal 
statement to 312/334-6158. 
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GENERAL/ VASCULAR SURGEON to join 3 member group 
active practice, Piedmont area. 56 Lake Concord Rd., Concord, 
NC 28025, 704-788-2085. 


al 


GROUP HEALTH COOPERATIVE OF PUGET SOUND, a 
370,000-member prepaid group practice, currently has a position 
available for a General Surgeon with an emphasis in oncology. 
Referral only practice in a multi-specialty organization. To inquire, 
write: Manager of Medical Staff Personnel, 521 Wall Street, 
Seattle, WA 98121. 
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PACIFIC NORTHWEST—Beautiful coastal community. Seeking 
second BE/BC General Surgeon. Excellent surgical facilities. 
Outstanding oceanfront location. Contact: Carol Westfall, Director 
of Recruitment, Cejka & Co., 222 S. Central Ave., Suite 400-114, 
St. Louis, MO 63105 (Ph. 1-800-678-7858). 
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RESIDENT RESEARCH FELLOWSHIP—Division of Pedi- 
atric Surgery—St. Louis University: A one to two year research 
fellowship is available with the Division of Pediatric Surgery, 
Department of Surgery, St. Louis University. The division currently 
has three faculty members, a second year resident fellow, and two 
research associates. The laboratory is equipped to perform small 
animal and fetal surgical procedures, tissue culture, and numerous 
enzyme and biochemical assays. There is a strong emphasis on 
techniques in molecular biology for analysis. Current projects 
concentrate on: 1) oncogene and growth factor expression with 
cholestasis, liver regeneration, and liver tumor induction. 2) amino 
acid metabolism and growth factor expression in intrauterine growth 
retardation. 3) interorgan amino acid metabolism with a model of 
site directed metastasis. For further information regarding require- 
ments and stipend, contact: Tom Tracy, Jr., M.D., Division of 
Pediatric Surgery, Cardinal Glennon Children’s Hospital, 1465 
South Grand Boulevard, St. Louis, MO 63104, (314) 577-5629. 





WANTED: Board eligible or Board certified general surgeon with 
subspecialty in vascular surgery to join a three man surgical practice 
in Upstate New York. Send C.V. to Surgical Associates, PC., 161 
Riverside Drive, Binghamton, NY 13905. 





VOLUNTEER GENERAL SURGEON: International Medical 
Corps, a non-profit organization which provides medical assistance 
and health care training to devastated countries, is seeking General 
Surgeons to volunteer their expertise for six months in Peshawar, 
Pakistan. Duties are to retrain local Afghan Physicians and lecture 
in our ongoing medic training program, should time permit. Room, 
board, airfare, stipend provided for six mos. commitment, send c.v. 
to: International Medical Corps, 10880 Wilshire Blvd., Suite 606, 
Los Angeles, CA 90024, Attention: Roz Grace, 213-474-3927. 


Merck, Sharp & Dohme 


Moss Tubes 


Australian American Surgery 


Classified Advertising 


Community Health Plan 
Jobst Institute 
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Northeast Permanente Medical Group 


Scientific American Magazine 


Stuart Pharmaceuticals 


Vein Clinic 





TRANSPLANT SURGEON: Growing, private, multispecialty 
group, active in kidney and pancreatic transplantation. Call (202) 
722-0185, Washington, D.C. 





VIRGINIA—BC/ BE General Surgeons sought for affiliation with 
major metropolitan medical center. High interest in Trauma or 
Pediatric Surgery training. Financial guarantees. Coastal location. 
Send CV to: Janet Clayton, AM Care, P.O. Box 2816, Durham, 
NC 27715; or call 800-477-0600. 
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VIRGINIA/NORTH CAROLINA—BC/BE General/ Vascular 
Surgeons to join highly successful practices. Located in the greater 
Williamsburg/ Yorktown/ Chesapeake Bay area of Virginia and just 
outside the Raleigh/ Research Triangle area in North Carolina. Send 
CV to: Janet Clayton, AM Care, P.O. Box 2816, Durham, NC 
27715; or call 800-477-0600. 





WESTERN PACIFIC, Commonwealth of the Northern Mari- 
ana Islands: Seeking BC/E Orthopedic Surgeon to join multi- 
specialty medical staff; modern 74-bed government hospital, on 
beautiful island of Saipan, U.S. Commonwealth, 120 miles north of 
Guam. Superb climate, island lifestyle, recreational and travel 
opportunities and tax advantages. Dr. Jose L. Chong, Director of 
Public Health and Environmental Services, Saipan, MP 96950; 
TEL. NO: (670) 234-8950 thru 8954; FAX NO: (670) 234-8930. 





Miscellaneous 





Retiring General Surgeon’s practice and office available. Will 
introduce new man to patients. Contact James M. Smith, M.D., 
140 Buckeye St., Hamilton, Ohio 45011. Ph. 513-895-3294. 


Covers 3-4 


12A-13A 


~~ aa 


a 


ee Ba “ 

i ja ere i 

i aeS E 

to. Bais 
; cl AeL iE i 



















Abdominosacral Resection for Midrectal Cancer 
Kenneth Eng, MD, and S. Arthur Localio, MD 


Controversies in Adjuvant Therapy of Colorectal Cancer 
Carlo E. Grossi, MD, and Thomas F Nealon, Jr. MD 


Cancer of the Rectum / 
Hernia 


Vol. 3, No. 3 
John L. Madden, M.D., Guest Editor 


Partial contents include: 

Abdominoperineal Resection of the Rectum 
James M. Church, MD, and Victor W. Fazio, MD 
External, Endocavitary, and Interstitial Irradiation in the Management 
of Carcinoma of the Rectum and Colon / Ben Sischy, MD, FACR 
Sliding Inguinal Hernias: Errors in Surgical Management and Their 
Correction / Joseph L. Ponka, MD 

Ambulatory Surgical Treatment of Groin Hernia: Prevention and 
Management of Complications / George E. Wantz, MD, FACS 
Complications of Preperitoneal Hernia Repair 

Raymond Pollak, MB, BCh, FRCS, and Lloyd N. Nyhus, MD 













, volumes in the respected Problems in General 
Surgery series bring you up-to-the minute information that 
you can use today in your practice. Articles with real clinical 
relevance. Succinct presentations of major differences of 
opinion. Starkly different points of view on diagnosis and 
treatment—the questions you face when you make life- 
and-death decisions. The best thinking of leading practi- 
tioners to help you make the choices of modality of treat- 
ment most appropriate for each patient. 


Here are information and insights that 

will challenge you to do something different 
and better in your practice 

the day after finishing each volume. 


Abundant illustrations, diagrams, tables, charts. 
Totally current references, with commentary. 
Each volume $30.00. Annual subscription 

(4 volumes) $65.00 (U.S.), $85.00 (elsewhere). 


Send for the volumes you need today. And begin your 
subscription to this challenging series with the next 
volume. 








































































Controversies in Colon Cancer 


Vol. 4, No. 1 
Richard L. Nelson, M.D., FA.C.S., Guest Editor 


Partial contents include: 
Screening for Carcinoma of the Colon: Pitfalls of the Hemoccult® 
Test / Martin H. Poleski, MD, FRCP(C), FACP and Philip H. Gordon, 
MD, FRCS(C), FACS 

The Adenoma-Carcinoma Sequence: An Update 

Gary C. Vitale, MD, and John S. Spratt, MD 

Classification Systems for Staging Colorectal Cancer: Past. Present, 
and Future / L. Peter Fielding, MB, FRCS, FACS, and Garth H. 
Ballantyne, MD 

Radical Surgical Treatment of Colorectal Carcinoma 
Richard L. Nelson, MD, FACS 

Carcinoembryonic Antigen and Second-look Operation 
John P Minton, MD, PhD, FACS, and Armando Sardi, MD 








Problems in 
GENERAL SURGERY 


Lloyd M. Nyhus, M.D., Editor 























Controversies in Cancer 
of the Breast and Colon 


Vol. 2, No. 2 
Thomas F. Nealon, Jr., M.D., Guest Editor 


Partial contents include: 

Limited Resection and Radical Radiation Therapy in the Treatment of 
Early Stage Breast Cancer / Michael P Osborne, MD, MS, FRCS, FACS 
Conservative Surgery / Hugh Auchincloss, MD 


Delayed Reconstruction of the Breast after Mastectomy 
Reuven K. Snyderman, MD 

























For mail order service direct, please use the coupon below, or 
call TOLL FREE (USA except AK) 1-800-638-3030. In Maryland call collect 
301-824-7300. A Yes 


= Lippincott 







J. B. Lippincott Company - P.0. Box 1630, Hagerstown, MD 21741-1630 


Please send me for 30-day on-approval examination: 








A180189R 





| C Controversies in Cancer of the Breast and Colon (PGS Vol. 2, No. 2) $30.00 Name | 
C] Cancer of the Rectum / Hernia (PGS Vol. 3, No. 3) $30.00 

| LJ Controversies in Colon Cancer (PGS Vol. 4, No. 1) $30.00 Address | 
"C Please begin my subscription to Problems in General Surgery, published 

| quarterly, $65.00 per year (U.S.), $85.00 per year (elsewhere) City/State/Zip | 
CI Payment enclosed C] Bill me 

| CI Charge it: (J MasterCard [ VISA Signature | 

E E 5 cee N EE l 





y = (ripenemCilastatin Sodium|MSD 








ea A SUCCESSFUL TREATMENT OUTCOME 


FOR MANY PATIENTS * 


INTRAVENOUS 


IN 








* In one study, 90% of 135 patients with clinical signs of infection and two positive blood 
cultures were cured or improved (66% Cured, 24% Improved). Eron, L. J.: Imipenem/ 
cilastatin therapy of bacteremia, Am. J. Med. 78(Suppl. 6A): 95-99, June 7. 1985. 


Contraindications: PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) is contraindicated in 
patients who have shown hypersensitivity to any component of this product 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylactic) REAC- 
TIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. 
THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN HYPERSENSI- 
TIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED 
WITH ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH ‘PRIMAXIN,’ CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OTHER BETA LACTAMS, AND OTHER ALLERGENS. IF AN 
ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRIMAXIN: 
therefore it is important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe cases, management may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomycin, 
as aa. Isolation of the patient may be advisable. Other causes of colitis should also be 
considered. 


Precautions: General- CNS adverse experiences such as confusional states, myoclonic activity, 
and seizures have been reported during treatment with PRIMAXIN. especially when recom- 
mended dosages were exceeded. These experiences have occurred most commonly in patients 
with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised renal func- 
tion. However, there have been reports of CNS adverse experiences in patients who had no rec- 
ognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing hemo- 
dialysis, had a higher risk of seizure activity when receiving maximum recommended doses than 
those with no impairment of renal function; therefore, maximum recommended doses should 
be used only where clearly indicated (see DOSAGE AND ADMINISTRATION) 


Patients with creatinine clearances of <5 mL/min/1.73 m2 should not receive PRIMAXIN unless 
hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs the 
potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
Should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy if 
not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it should 
be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. While PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic assessment of organ 
system function during prolonged therapy is advisable. 


Drug Interactions - Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recommended 
that probenecid be given with PRIMAXIN 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However. 
PRIMAXIN may be administered concomitantly with other antibiotics, such as aminoglyco- 
sides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility - Gene toxicity studies were performed in 
a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mammalian 
cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


ey ihrer tests in male and female rats were performed with PRIMAXIN at dosage levels up 
to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted to the 
highest dosage level. No other adverse effects were observed on fertility, reproductive perfor- 
mance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse effects on 
the fetus or on lactation were observed when PRIMAXIN was administered to rats late in gesta- 
tion. 


Pregnancy - Pregnancy Category C: Teratogenicity studies with cilastatin sodium in rabbits and 
rats at 10 and 33 times the usual human dose, respectively, showed no evidence of adverse 
effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth or behav- 
ior was observed in rats given imipenem at dosage levels up to 30 times the usual human dose. 


Similarly, no evidence of adverse effect on the fetus was observed in teratology studies in rabbits 
with imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) at doses up to 11 times 
the usual human dose in pregnant mice and rats during the period of major organogenesis 
revealed no evidence of teratogenicity. 


Data from preliminary studies Suggest an apparent intolerance to PRIMAXIN (including emesis, 
inappetence, body weight loss, diarrhea, and death) at doses equivalent to the average human 
dose in pregnant rabbits and cynomolgus monkeys that is not seen in nonpregnant animals in 
these or other species. In other studies, PRIMAXIN was well tolerated in equivalent or higher 
doses (up to 11 times the average human dose) in pregnant rats and mice. Further Studies are 
under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in pregnant women. PRIMAXIN 
Should be used only if the potential benefit justifies the potential risk to the fetus 


Nursing Mothers — It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is administered 
to a nursing woman. 


Pediatric Use — Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients treated in 
Clinical trials were severely ill and had multiple background diseases and physiological impair- 
ments, making it difficult to determine causal relationship of adverse experiences to therapy with 
PRIMAXIN. 


Local Adverse Reactions - Local adverse clinical reactions that were reported as possibly, prob- 
ably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis (3.1%), 
pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration (0.2%), 
infused vein infection (0.1%). 


Systemic Adverse Reactions - The most frequently reported systemic adverse clinical reactions 
that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0 2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely drug 
related occurring in less than 0.2% of the patients or reported since the drug was marketed are 
listed within each body system in order of decreasing severity: Gastrointestinal - 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, hepatitis (rarely), gastroen- 
teritis, abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, 
increased salivation; CNS — encephalopathy, tremor, confusion. myoclonus, paresthesia, ver- 
tigo, headache, psychic disturbances; Special Senses - transient hearing loss in patients with 
impaired hearing, tinnitus, taste perversion: Respiratory—chest discomfort, dyspnea, hyperven- 
tilation, thoracic spine pain; Cardiovascular - palpitations, tachycardia; Skin — toxic epidermal 
necrolysis (rarely), erythema multiforme, facial edema. flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae: Body as a Whole - polyarthralgia, asthenia/weak- 
ness; Rena/—acute renal failure (rarely), oliguria/anuria, polyuria. The role of PRIMAXIN in 
changes in renal function is difficult to assess. since factors predisposing to pre-renal azotemia 
or to impaired renal function usually have been present. 


Adverse Laboratory Changes - Adverse laboratory changes without regard to drug relationship 
that were reported during clinical trials or reported since the drug was marketed were: Hepatic - 
increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic - increased eosino- 
phils, positive Coombs test, decreased WBC and neutrophils, including agranulocytosis, 
increased WBC, increased platelets, decreased platelets, decreased hemoglobin and hemato- 
crit, increased monocytes, abnormal prothrombin time, increased lymphocytes, increased 
basophils; Electrolytes — decreased serum Sodium, increased potassium, increased chloride: 
Renal — increased BUN, creatinine: Urinalysis — presence of urine protein, urine red blood cells, 
urine white blood cells, urine casts, urine bilirubin, and urine urobilinogen. 


NOTE. Due to the high antimicrobial activity of PRIMAXIN. it is recommended that the maximum 
total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, and 
single-dose ADD-Vantage** vials containing imipenem anhydrous and cilastatin sodium as fol- 
lows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem equiva- 
lent and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is not for direct infusion. 


‘Registered trademark of Abbott Laboratories, Inc. 

For more detailed information. consult yar MSD Representative or see 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc, S 

West Point, PA 19486 J9PR40(409) DOHME 
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A SUCCESSFUL TREATMENT OUTCOME 
FOR MANY PATIENTS* 


*In one study, 90% of 135 patients with clinical signs of infection and two positive blood cultures were cured 
or improved (66% Cured, 24% Improved). Eron, L. J.: Imipenem/cilastatin therapy of bacteremia, Am. J. 
Med. 78(Suppl. 6A): 95-99, June 7, 1985. 


PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component of this product. Before initiating therapy 
with PRIMAXIN, careful inquiry should be made concerning previous hypersensitivity reactions to penicillins, cephalosporins, other 
beta-lactams, and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hypersensitivity reactions 
may require epinephrine and other emergency measures. 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 

us aureus (penicillinase- and non MOR paan strains), Haemophilus influenzae 

including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by us aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

ic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus gpeg 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus. 
“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
Causative organisms and to determine their susceptibilities to cefotetan. Sima z may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro me pae many Enterobacteriaceae and also some other gran cog bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxici may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract soit an ayrelgalpas artes surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICAT! 

CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 


patient has had ous if igen reactions to c n disodium, cephalosporins, 
penicillins, or A te drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensit reactions may require epinephrine and other ncy measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

S m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
d in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
Pen simon pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

web peo should be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by bee sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
pega of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
DR TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and prepay in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, ogo at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 

USAGE IN PREGNANCY: deg rope Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 

ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 

pregnant women. Because animal reproductive studies are not always predictive of human response, 

this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 

tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 

nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
roe reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in ; 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


e relevance of these 

















Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
mtg! in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 














DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ee eer ee 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC sg ah 2g in 20 mL via age 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
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to go to the trouble and expense of having them 
bound locally. We over-run copies of each issue 
in order to have sufficient quantities on hand. 


a no advertising—only professional, clinically But we must tell our printer how many we need, 
pertinent material (a space-saver on your so please let us know right away. 
bookshelves) 
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a handsome, durable bindings in maroon advantage of this bound volume offer. 
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ARNOLD G. DIETHELM, M.D. 





R. THOMAS, DR. JONES, members, and guests 
D of The Southern Surgical Association. A year 

ago in Boca Raton, when elected President of 
this Association, I was literally speechless and, as I recall, 
my comments were brief and certainly not appropriate 
for the occasion. During the past 12 months, I have had 
ample time to think about the magnitude of the honor 
and to prepare for the 101st meeting of The Southern. 
The following thoughts will be better organized and more 
accurately reflect my feelings. 

To be elected President of The Southern Surgical As- 
sociation is truly an enormous honor, one that will never 
be forgotten and, in one way or another, has remained 
somewhere in my cortex available for review nearly every 
day of the past year. It is only appropriate for me to accept 
this honor as a recognition of all the members of this 
Association who are surgeons in the state of Alabama and 
the faculty and house staff of the Department of Surgery 
of The University of Alabama School of Medicine. For 
me to say thank you would be inadequate, and I hope 
that my gratitude will be reflected through my professional 
activities in the years to come. 

The kind remarks of introduction by Dr. Thomas are 
only partly true, and at this moment I’m unsure of where 
the facts end and the fiction begins. 

It is not difficult for me to determine the point at which 
I became interested in the field of surgery. It occurred in 
my third year of medical school and was largely due to 
the contact with Dr. Frank Glenn, Professor and Chair- 
man of the Department of Surgery at the Cornell Medical 
College and Surgeon in Chief of the New York Hospital. 
Dr. Glenn, a member of this Association from 1947 until 
his death in 1983, was a frequent contributor to the sci- 
entific sessions. In December of 1961, as a resident, I at- 
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tended my first meeting of The Southern as a coauthor 
of a paper with Dr. Glenn concerning constrictive peri- 
carditis. I remember that meeting held at The Homestead 
very well, and it is difficult to believe that 28 years later 
I stand before you about to deliver the Presidential address. 

There are many people to whom I owe much gratitude 
regarding my professional life. In addition to Dr. Glenn, 
I would like to mention them briefly at this time. Dr. 
Joseph Murray, Professor of Surgery at Harvard Medical 
School and the Peter Bent Brigham Hospital, and Dr. 
Francis Moore, Mosely Professor of Surgery and Surgeon 
in Chief at the Brigham, provided stimulation and support 
at a time when both were needed. It was at the Brigham 
that I received my introduction to the field of transplan- 
tation, which provided the foundation for my academic 
future. The 2 years of clinical and research experience 
with Dr. Moore and Dr. Murray instilled in me many of 
the important principals of surgical research. At a later 
time I had the good fortune to spend 6 months with Sir 
Peter Medawar and Dr. Eugene Lance at Northwick Park 
Hospital in England. Time doesn’t permit me to elaborate 
on this experience; however the frequent luncheons with 
Sir Peter and his staff remain fond memories. In 1967 it 
was my good luck to be offered a position as Assistant 
Professor of Surgery at The University of Alabama by Dr. 
John W. Kirklin, the Chairman of the Department and 
a former member of this Association. Little did I realize 
that it would be my last academic move and eventually 
allow me the opportunity to succeed Dr. Kirklin as the 
Chairman of that Department. Nor did it occur to me in 
1967 that under his leadership surgery would become a 
major department in a medical school and hospital that 
would enjoy more than 20 years of growth and prosperity 
far exceeding the expectations of the most optimistic 
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members of the faculty. John Kirklin has had an out- 
standing career as a cardiac surgeon, and his contributions 
as Chairman of the Department of Surgery to the devel- 
opment of the Medical School are equally great. His lead- 
ership combined the academic and the clinical practice 
of surgery to create a sound and unique format that will 
maintain a successful foundation for many years to come. 


Ethical Decisions in the History 
of Organ Transplantation 


I would now like to discuss with you a subject of im- 
portance to medicine, surgery, and, in particular, organ 
transplantation, which extends from the early 1950s to 
the present and will continue to be of interest and rele- 
vance in the years to come. That subject concerns some 
of the ethical problems confronting organ transplantation. 
Ethics is defined by Webster’s New World Dictionary 
(Second College Edition published in 1970) ‘as the study 
of standards of conduct and moral judgement.’ Webster 
also defines moral ‘as relating to, dealing with, or capable 
of making the distinction between right and wrong in 
conduct.’ As the science of medicine advances, many of 
the ethical problems confronting physicians, surgeons, and 
society change and thus require careful scrutiny. Some 
ethical problems have been solved by scientific progress 
while others persist because medicine has not yet provided 
a solution or because society is unwilling to accept the 
proposed solution. Organ transplantation is the process 
whereby diseased organs are replaced by other organs or 
possibly individual cells as a means to restore normal 
physiologic function. Most, if not all, of the ethical prob- 
lems confronting the field of transplantation relate to the 
need for human organs and their procurement. The pre- 
sentation this morning will deal with these problems. 


Human Experimentation 


Ethical decisions in the history of medicine have existed 
for centuries and are not unique to our time. However as 
times change so do the governments of nations, the prac- 
tice of medicine, and patient care needs. The changes in 
medical practice have increased in tempo since the turn 
of this century and especially in the last 40 years. These 
changes in medicine, coupled with the relationship of the 
federal government to providing partial or complete fi- 
nancial coverage of the patient, require special thought 
regarding the application of new forms of medical treat- 
ment. Thus medical care today is both a social and eco- 
nomic problem and, as such, pertains to those ethical 
concerns involving the available resources required for 
providing medical care. 

Medical ethics applied to organ transplantation involves 
two specific areas. The first is the subject of human ex- 
perimentation—a broad issue pertaining to medicine as 
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a whole. The second is the shortage of available organs 
required for patients awaiting transplantation. It is the 
organ shortage that presents the most important imme- 
diate obstacle for clinical transplantation and will become 
worse in the foreseeable future. 

Human experimentation as it pertains to organ trans- 
plantation has been discussed'~'” since the first living re- 
lated donor transplant operation reported by Merrill and 
Murray in 1956.? However the use of human subjects in 
medical experiments predates the first living related donor 
transplant. In 1948 Ivy'' summarized the history and eth- 
ics of using human subjects in medical practice. He noted 
that when Harvey, in 1628, described the existence of 
circulation in humans he also reported controlied obser- 
vations in animals. Harvey is said to have demonstrated 
to King Charles I that the accidental exposure of the heart 
from the outside allowed the observation that the heart 
could be touched without pain. In 1798 Jenner published 
experimental human data on vaccination against small- 
pox. Other examples included the testing of chloroform 
and ether on physicians, as well as other experiments, 
some of which led to misadventure. Ivy proceeded to dis- 
cuss the use of prisoners, mental incompetents, and med- 
ical and lay subjects as human volunteers. The Nuremberg 
code for permissible human experimentation was an out- 
growth of the war crimes occurring in World War II 
against German defendants held accountable for experi- 
ments involving human subjects.' Ten standards were 
identified to which physicians had to adhere if experi- 
mentation on human subjects was to occur. This was fol- 
lowed by a code of ethics of the World Medical Association 
as proposed by the Declaration of Helsinki in 1964, which 
described voluntary consent as absolutely essential.' In- 
formed or voluntary consent, necessary for the preparation 
of patients for operation, has been particularly important 
in the selection of the donor for living related transplan- 
tation. Beecher,' in 1959, reviewed the status of experi- 
mentation in humans and in 1966 addressed the subject, 
emphasizing that ‘consent is not the physician’s for the 
asking’.” He reviewed the ethical, sociologic, and legal im- 
plications involved in informed consent and stated that 
‘a study does not become ethical merely because it turns 
up valuable data’. Moore,'” in 1968, stated that ‘good 
biomedical science has an ethic that appeals to the hu- 
manist’ and ‘the same factors which make new operations 
scientifically acceptable are those that make them ethically 
acceptable’ (Fig. 1). Twenty-one years later Moore again 
examined ethical considerations involving patients un- 
dergoing new transplantation procedures and described 
the ‘desperate remedy phenomenon’ in which patients 
are so ill that ‘almost anything was welcomed by the pa- 
tient, the family and the physicians.” Scientific progress 
is the solution to the ‘desperate remedy phenomenon’ 
and can change this ‘phenomenon’ by performing care- 
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Fic. 1. Dr. Francis D. Moore, former Professor of Surgery at Harvard 
Medical School and Chairman of the Department of Surgery at the Peter 
Bent Brigham Hospital, was a major stimulus behind experimental and 
clinical renal transplantation. The importance of research—clinical and 
laboratory—in the quest for new knowledge, combined with compas- 
sionate care for the patient, led him to the following statement published 
in JAMA in 1968, ‘The same factors which make new operations sci- 
entifically acceptable are those that make them ethically acceptable.’ 


fully designed research studies involving animal experi- 
mentation as a prelude to clinical trials. 

To place new and untried procedures in proper per- 
spective, Moore!’ proposed three fundamental principles, 
(1) a scientific research background on which the proce- 
dure is based, (2) the skill of the surgeons or physicians, 
and (3) the ethics of the institution. Unfortunately some 
institutions have entered the field of transplantation with- 
out numbers one and three and have used the surgeon’s 
skill as their explanation for their need to develop a trans- 
plant center. To develop a transplant program to compete 
with a nearby hospital without the proper scientific sup- 
port is more likely an attempt by the institution to generate 
new revenue and public attention rather than new knowl- 
edge. 


The Living Donor and the Organ Shortage 


The common thread of most ethical decisions involving 
organ and tissue transplantation from the first successful 
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kidney transplant in 1954 to the present pertains to (1) 
informed voluntary consent in the donor, the very basis 
of human experimentation; and (2) the shortage of organs. 
Many of the complex ethical questions regarding the 
shortage of organs for transplantation would be avoided 
if organs could be constructed and purchased as one does 
a vascular graft, a prosthetic aortic valve, a cardiac pace- 
maker, and so on. However, because organs cannot be 
made, they must be donated from humans—living or 
dead—and therein lies the problem. The demand for re- 
placement of diseased organs (/.e., heart, lung, liver, kid- 
ney, and pancreas) and functioning cells (i.e., pancreatic 
islet cells) is so great and the current available supply so 
limited that solutions to resolve this need have, in turn, 
created important ethical and medical questions. With 
these comments in mind, one can pursue the subject in 
a chronologic manner, beginning with the early 1950s. 


Possible Solutions to Organ Shortage 
The Living Related Donor 


The early unsuccessful efforts of clinical renal trans- 
plantation using cadaveric organs were reported by Hume 
in 1955'* (Fig. 2). These results were not surprising con- 
sidering the use of organs from non-heartbeating ca- 
davers, the absence of organ preservation, and the inad- 
equate immunosuppressive drugs available at that time 
for prevention and treatment of allograft rejection. Be- 
cause cadaveric renal transplantation was unsuccessful 
and the proved observation that identical twins would 
not reject tissue from one another, it was recognized that 
renal transplantation might be feasible if carried out be- 
tween identical twins, assuming that one twin had irre- 
versible renal failure and the other was a healthy and will- 
ing donor. Fundamental to this operation was the knowl- 
edge that a renal autograft performed in dogs would 
function normally and denervation of the kidney pro- 
duced no apparent physiologic dysfunction. '° 

On December 23, 1954, 3 weeks after the 66th Annual 
Meeting of The Southern Surgical Association at The 
Hollywood Beach Hotel in Hollywood, Florida, Dr. Jo- 
seph Murray (Fig. 3) and colleagues performed a living 
related donor kidney transplant between two brothers at 
the Peter Bent Brigham Hospital”'® (Fig. 4). Because the 
two were identical twins, graft rejection did not occur. 
The transplanted kidney functioned immediately and 
both brothers were discharged well and in good health 
some weeks later (Fig. 5). This was a momentous oper- 
ation because, for the first time, renal transplantation was 
used as a successful means of replacing diseased organs 
with new ones (Fig. 6). Even though the transplant op- 
eration was successful, the immediate clinical impact was 
minimal because of the obvious limitation of requiring 
individuals with chronic renal failure to be so fortunate 
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FIG. 2. Dr. David M. Hume, Professor and Chairman of Surgery at the 
Medical College of Virginia, was a leader in renal transplantation from 
1947 until his death in 1973. He pioneered the early clinical experience 
in cadaveric transplantation and living related donor transplantation. 
Tissue typing, organ procurement, and organ sharing were among his 
interests long before they were used by others. 


to have an identical twin. The notion, however, that dis- 
eased organs could be replaced with new ones caught the 
imagination of the surgical world and was the driving force 
behind the then-new and rapidly growing field of organ 
and tissue transplantation. One might reflect at this mo- 
ment on the clinical and ethical decisions confronting Dr. 
Murray and colleagues regarding the removal of a kidney 
from a living patient for transfer to an ill relative. First 
the operative and perioperative mortality and morbidity 
to the donor had to be considered, as well as the long- 
term risks and imponderables involved for a person living 
with one kidney. The donor and recipient, completely 
informed of these considerations, agreed to proceed with 
the operation and thus set the stage for subsequent similar 
transplant procedures. This serious decision was the first 
of many complex questions to be confronted by patients 
and their donors. For example, what was the life expec- 
tancy for a healthy person with one kidney after donating 
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the other? The best information at that time came from 
insurance companies, which indicated that the loss of one 
kidney in an otherwise healthy person had little effect on 
the longevity of that individual. Despite this comforting 
bit of information, physicians recognized that an ob- 
structed ureter to a solitary kidney caused by a renal cal- 
culus would be an important medical problem. Even more 
so, arenal tumor or trauma in a solitary kidney requiring 
nephrectomy would cause the donor to become a trans- 
plant recipient. Thus 35 years later it is still impossible 
to define and assess all the potential risks confronting the 
donor patient. The request for kidney donation was more 
complex when the donor was less than 18 years old and 
parental consent was required. Considerable discussion 
proceeded the first such operation at the Peter Bent 
Brigham Hospital and legal counsel concluded that as long 
as the patient required the operation and the donor and 
the parents, i.e., guardians, agreed, then it was legally per- 





FIG. 3. Dr. Joseph E. Murray. From the first successful living donor 
operation in an identical twin to the beginnings of immunosuppressive 
therapy and the combination of multiple drugs, Dr. Murray spanned 
the field of renal transplantation both in the laboratory and the operating 
room. 
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FIG. 4. Dr. Joseph E. Murray and colleagues performing the first living 
related donor operation in the Peter Bent Brigham Hospital in December 
1954. 


missible for the sibling to proceed with the kidney do- 
nation. The age limit was set at 12 to 13 years, implying 
that donors younger than that age would probably not 
have a complete grasp of the magnitude of the question 
and the potential risks for the future.'’ 


Informed Consent and the Living Related Donor 


The use of living donor kidneys, related or unrelated, 
is based on informed consent. This consent should indi- 
cate the patient’s awareness of the proposed treatment, 
including a careful explanation by the physician to the 
patient. The patient, i.e., donor, must (1) understand the 
procedure and the risks and imponderables, (2) not be 
coerced, (3) provide a voluntary answer, and (4) be men- 
tally competent and of legal age. If the above cannot be 
provided, the individual is not an acceptable living donor. 

After the first living related transplant operation per- 
formed in 1954, the procedure was used infrequently dur- 
ing the next 8 vears, and when it was used, it was primarily 
in identical twins. In 1963 the drug azathioprine was in- 
troduced as a means to modify the immune response of 
rejection.'* From this time forward renal transplantation 
between living related donors became more frequent with 
additional immunosuppressive therapy to prevent rejec- 
tion. All physicians participating in organ transplantation 
recognize the tremendous medical and ethical responsi- 
bility that is placed on those surgeons involved in both 
the donor and recipient operations. The acceptance of 
living donor transplantation is not unanimous and, in 
some centers, the donor risks are considered too high and 
only cadaveric kidneys are used. The definition of ‘too 
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high’ remains relative. One death in 1500 operations is 
often used as the probable risk to the donor, but there is 
no collected data to support the statement. At the Uni- 
versity of Alabama, we have carried out renal transplan- 
tation between living related donors and their recipients 
since 1968. This continues to be performed with care and 
deliberation. A total of 801 consecutive living donor kid- 
ney operations have been performed in the past 21 years. 
There have been no deaths in the donor patients and none 
required a return to the operating room for complications 
in the immediate postoperative course. Two of the donor 
patients are known to have later developed kidney disease 
and progressed to chronic dialysis. One of these two pa- 
tients has received a transplant. It remains our opinion 
that the excellent early and long-term patient and graft 
survival in those patients receiving living related donor 
kidneys, when compared to cadaveric recipients, justifies 
this form of treatment. Despite this conclusion, the risks 
of operative death and later illness resulting from or con- 
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Fic. 5. The donor and recipient leaving the Peter Bent Brigham Hospital 
after the first successful living related donor operation. 
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SUCCESSFUL HOMOTRANSPLANTATION OF THE HUMAN KIDNEY 
BETWEEN IDENTICAL TWINS 


John P. Merrill, M.D., Joseph E. Murray, M.D., J. Hartwell Harrison, M.D, 


Warren R. Guild, M.D., Boston 


This report documents the successful transplantation 
of a human kidney from one identical twin to another. 
The function of the homograft remains excellent 12 
months after the operative procedure. Previous attempts 
at renal homotransplantation, both clinically and ex- 
perimentally, have been unsuccessful with one exception. 
In dizygotic cattle twins, a kidney transplant has sur- 
vived and functioned for at least nine months. Success 
in this instance, however, presumably resulted from the 
production of an acquired mutual tolerance to each 
other's tissues by the mingling of fraternal protein in the 
common placental circulation.' Transplantation of the 
kidney in dogs and other animals rarely maintains func- 
tion for more than a 10-to-14-day period in spite of 
vigorous attempts to modify the presumed antibody re- 
sponse that results in rejection of the homograft. Simi- 
larly, permanent function has not been maintained in a 
human renal homograft,’ although in one such instance 
adequate renal function in a transplanted kidney has per- 
sisted for five and a half months.” The ultimate cause for 
rejection in such cases is in all probability differences in 
individual tissue specificity. Since, however, skin homo- 
grafts between identical human twins have survived per- 
manently,* it might be expected that renal homotrans- 
plantation might also be successful when performed be- 
tween identical twins. The following case history de- 
scribes such an event. 


REPORT OF A CASE 


A 24-year-old, white, single male was apparently in excellent 
health until 14 months before his first admission to the Peter 
Bent Brigham Hospital. Except for scarlet fever at age 5 with- 
out apparent complications, the history was noncontributory. 
A few months prior to his discharge from military service, the 
patient noticed some puffiness about the eyes on awakening in 
the morning, and on a routine physical examination some ele- 
vation of blood pressure was noted. During a five-month study 
period while at the Boston Public Health Service Hospital, he 
remained essentially asymptomatic except for epistaxis. Physical 


* A patient whose illness had begun with edema 
and hypertension was found to have suffered 
extreme atrophy of both kidneys. Because of the 
steady worsening of the condition and the oppear- 
ance of uremia with other unfavorable prognostic 
signs, transplantation of one kidney from the 
patient's healthy identical twin brother was under- 
taken. 

Preparations included collection of evidence of 
monozygosity and experimental transplantation of 
a skin graft from the twin. During the transfer of 
the healthy kidney it was totally ischemic for 82 
minutes. Evidence of functional activity in the trans- 
planted kidney was obtained. 

The hypertension persisted until the patient's dis- 
eased kidneys were both removed. The homograft 
has survived for 11 months, and the marked clinical 
improvement in the patient hos included disappear- 
ance of the signs of malignant hypertension. 
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examination was negative except for a consistently elevated 
blood pressure averaging 170/100 mm. Hg. Pertinent labora- 
tory findings included persistent 2 to 3+ proteinuria. The urinary 
specific gravity was fixed at 1.010 and microscopic hematuria 
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FIG. 6. This landmark publication demon- 
strated, for the first time, that organs could be 
transplanted between identical twins. This op- 
eration lead Merrill and Murray to develop the 
first successful program of renal transplantation 
in the United States. 


tributed to by such treatment cannot be discounted. Thus 
the transplant surgeon and the donor must accept the 
immediate operative risks for the potential long-term gain 
for the recipient. However, as the results of cadaveric 
transplantation improve (and they will), this position will 
change. 

Live donor transplantation, regardless of the organ 
source, is based on informed consent. A careful and de- 
tailed discussion of the risks, both known and unknown, 
the chances of success and failure, and above all, a frank 
discussion with the donor about the option of using ca- 
daveric organs are absolutely essential. The presentation 
to the donor must be made by the donor surgeon and not 
only by the recipient surgeon. The two main reasons for 
using live donors are better long-term graft survival and 
the improved elective time of the operation, which thus 
allows the recipient to avoid the wait for a cadaveric donor, 
i.e., the problem of organ shortage. The introduction of 
living donor transplantation other than between identical 
twins began with the development of azathioprine. Calne 
and Murray’? noted that azathioprine was an effective 
immunosuppressive agent for prolonging survival of ca- 
nine renal allografts. The drug was then used in the treat- 
ment of renal allografts in recipients of nonidentical living 
related donors and also in the recipients of cadaveric 


kidneys'® (Fig. 7). Starzl”? (Fig. 8) recognized that graft 
rejection could be reversed by combining high-dose pred- 
nisone with azathioprine (Fig. 9). These two drugs became 
the cornerstone of renal transplant immunosuppression 
for the next 15 years. In 1965 and 1966, the human use 
of heterologous antilymphocyte sera was combined with 
azathioprine and prednisone by many transplant centers 
as a means of inducing graft acceptance in the early post- 
transplantation course. Some years later it was recognized 
that reversal of allograft rejection could also be achieved 
with antilymphocyte globulin and a monoclonal antibody. 
Najarian and colleagues?! compared the clinical results 
of cyclosporine to those of antilymphoblast globulin, aza- 
thioprine, and prednisone and observed that both groups 
of patients had equal long-term graft survival. Their ex- 
perience, as well as others, has further confirmed antilym- 
phoblast globulin as important in the induction phase of 
immunosuppressive therapy. The introduction of cyclo- 
sporin A in renal transplantation in 1983 has had a sub- 
stantial impact on improving graft survival in patients 
receiving cadaveric kidneys. This drug has been especially 
beneficial in prolonging allograft survival in recipients of 
liver, pancreas, and heart transplants. Each immunosup- 
pressive agent underwent extensive testing in animals, us- 
ing the canine renal allograft as the model to study the 
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FIG. 7. The clinical application of azathioprine al- 
lowed renal transplantation to be performed in the 
living related donor and the cadaveric recipient. 
Combined with prednisone, it became the corner- 
stone of immunosuppressive therapy. 
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Renal Homotransplantation in Man in Modified Recipients ° 


Daviv M. Hume, M.D., JosepH H. Macee, M.D., H. MyRON KAurFrMAn, JR, M.D., 
Max S. Ritrensury, M.D., Georce R. Prout, Jr., M.D. 


Departments of Surgery and Medicine and the Lewis L. Strauss Surgical Research 
Laboratory, Medical College of Virginia, Richmond, Virginia 


RenaL homotransplantation has been 
carried out in six patients with terminal 
renal disease. All the patients had been 
anuric or severely oliguric for weeks or 
months prior to transplantation and had 
been kept alive by chronic dialysis. The 
immune suppression was accomplished 
either by supervoltage total body radiation 
and drugs or by radiation of the spleen and 
transplanted kidney and drugs. Four of the 
six patients are still living two weeks to 
six months after transplantation. 

There are several unusual features of 
these cases, including: 1) bilateral nephrec- 
tomy prior to transplantation in three pa- 
tients for severe hypertension or subacute 
glomerulonephritis; 2) successfully func- 
tioning kidney transplants from donors 
whose blood types differed from those of 
the recipients; 3) a functioning transplant 
which had been iced and stored prior to 
transplantation; 4) the appearance of an 
unusual plasma protein during threatened 
transplant rejection; 5) the use of stained 
urinary sediment to follow changes in the 
transplanted kidney; and 6) the manage- 
ment of a patient through two major opera- 
tions with no urinary function before or for 
weeks after. 


® Presented before the American Surgical Asso- 
ciation, Phoenix, Arizona, April 3-5, 1963. 

This work has been supported in part by the 
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(2459). American Cancer Society Grant ACS-T 
166B, the Beaumont Foundation, The National 
Institutes of Health Grant NIH E 3831, a grant 
from the Wyeth Laboratories and the Clinical Re- 
search Center. 





Although the ultimate success of a renal 
transplant must be assessed in terms of 
years, and although these patients do not 
yet meet these long-term criteria the trans- 
planted kidneys in several instances con- 
tinue to function well, and a good deal of 
new data, some of which contravene estab- 
lished transplantation dicta, have been ac- 
cumulated. 


Methods and Selection of Cases 


Methods of Dialysis 


All of the patients in the series required 
dialysis prior to transplantation. Peritoneal 
dialysis * 5 was used in most cases, but 
some patients were also maintained on 
hemodialysis,” in the early stages by means 
of a twin-coil kidney *:** ** and later with 
the Kiil kidney.** External shunts of the 
type described by Scribner '** were used in 
all patients undergoing hemodialysis. Peri- 
toneal dialysis was used intermittently on 
some patients, while on others it was used 
continuously, employing the standard Im- 
persol solution to which varying amounts 
of potassium and 5.0 mg./L. of heparin 
were added. One patient was dialyzed con- 
tinuously for 34 days and another for 21 
days. Both patients underwent bilateral ne- 
phrectomy during this period. The nephrec- 
tomies were accomplished extraperitoneally 
and dialysis continued without interrup- 
tion. It was possible to maintain a BUN in 
the normal range throughout the entire 
operative period by this technic. Peritoneal 
dialysis was usually the method of choice 
because it was simpler, and could be car- 





ability to prevent or reverse rejection. The current im- 
munosuppressive regimens are more complex and involve 
the sequential use of three or four drugs in the early post- 
transplantation course, reserving high-dose prednisone 
and/or monoclonal antibody for the treatment of acute 
rejection. 

During the past 10 years, Sutherland and Najarian”* 
(Fig. 10) have developed living related donor pancreas 
transplantation in a carefully selected group of patients 
with type I diabetes. This operation requires a donor distal 
pancreatectomy with pancreatic revascularization using 
the iliac vessels in the recipient. Although the results have 
been encouraging, allowing a number of patients to be 
free of insulin, the risks to the donor appear to be greater 
than those of a nephrectomy. Quite properly the experi- 
ence to date in this country has been primarily concen- 
trated in one center. More recently the ethical consider- 
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ations of performing hepatic transplantation with living 
donors has been described in which a liver lobe from a 
parent is transplanted to an infant with advanced liver 
disease.” The technical considerations appear feasible, 
but again the risks to the donor seem to be substantially 
greater than with a nephrectomy. Those two techniques 
of additional organ procurement from living donors serve 
to emphasize the increasing pressures exerted on the donor 
and the transplant surgeon, largely because of the short 
supply of cadaveric organs. 

Recently it has been reported from other countries that 
commercialized living unrelated organ donation has oc- 
curred in which the donor is paid by the recipient through 
a middleman (i.e., broker).?*”° The sellers, i.e., the donors, 
are impoverished people from underdeveloped countries 
who receive little or no medical care after nephrectomy. 
The federal law in this country makes the sale of organs 


912 





FIG. 8. Dr. Thomas E. Starzl, Professor of Surgery at the University of 
Pittsburgh, has been involved with every aspect of organ transplantation 
from the early 1960s to the present time. His career has included trans- 
plantation of the kidney, liver, pancreas, and intestine. The clinical pro- 
grams under his direction have been outstanding for more than 25 years. 


illegal, and thus these ethical decisions are avoided. 
Nonetheless the international problem of organ shortage 
is a fact and the attempt to buy organs will continue to 
be a problem in those countries where laws permit such 
practices. The purchase of organs not only further sepa- 
rates the treatment of the poor from the rich but also uses 
organs from the poor to serve those patients with financial 
resources. 


The Living Unrelated Donor 


A brief and less-accepted venture in 1965 included the 
use of unrelated living donor kidneys obtained from pris- 
oners.’ These organs, because they were unrelated, were 
similar to cadaveric organs from the standpoint of his- 
tocompatibility matching and in terms of graft survival. 
Because of the potential rewards to the donor, including 
the reduction of prison sentences, the ethical concerns far 
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outweighed the potential benefits and the procedure was 
discontinued. More recently, with improved immuno- 
suppression, the question of using unrelated living donors 
(spouses, cousins, and so on) has been re-examined and 
excellent graft survival achieved in carefully selected pa- 
tients.” The advantages of using unrelated living donors 
include early transplantation without waiting for a ca- 
daveric organ and minimization of the risk of preservation 
injury, thus allowing more aggressive immunosuppressive 
therapy to prevent rejection in the early post-transplan- 
tation course. The negative features are the same as those 
noted for the living related donor. On balance, it would 
seem that in select cases unrelated living donors are ac- 
ceptable candidates for kidney donation. 

A repeated question of concern in living related kidney 
donation is the potential for financial gain by the donor. 
Outright purchases of organs from relatives have been 
opposed by the transplant profession, and if known that 


- the donor has arranged a financial deal with the recipient, 


the decision to proceed with the operation should be dis- 
continued. This matter becomes more complicated if the 
recipient and his or her family are willing to provide min- 
imal or modest compensation for time lost from work by 
the donor, either by cash transfer, purchase of groceries, 
payment of rent, or performing the duties of the donor 
until he or she recovers and can assume normal life (i.e., 
farm chores). Although there is a difference between out- 
right organ purchase and compensation for lost revenue 
from a donor in a family in which financial resources are 
limited, the gray zone can be broad and ill defined. In 
some circumstances kidneys have been purchased by re- 
cipients with financial means and the organ donor was 
financially compensated for the organ. 


The Cadaver Donor 


Living donor transplantation, as the term implies, re- 
quires that a kidney be given to a recipient who is fortunate 
enough to have a willing friend or relative as a donor. 
The obvious limitation of securing organs from live donors 
stimulated the notion that organs and tissue be obtained 
from cadaveric source. This idea was described in 1947 
by Dr. David Hume when he removed a cadaveric kidney 
and sutured the renal artery and vein to the brachial vessels 
in a young woman with postpartum renal failure. The 
kidney functioned as a temporary means of dialysis until 
she recovered.*’ Hume proceeded to transplant cadaveric 
kidneys but without success due to rejection until the in- 
troduction of azathioprine in 1962. For the next 10 years 
cadaveric renal transplantation was primarily limited to 
medical centers located in areas of greater population 
density where there were large numbers of trauma patients 
with fatal neurologic injuries. In the mid 1960s, with the 
increasing use of ventilators, improved endotracheal tubes, 
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Fic. 9. Starzl and others recognized that allograft 
rejection need not be an all-or-none phenomenon 
and that reversal of rejection by prednisone could 
lead to long-term graft acceptance. The authors 
recognized that excessive immunosuppressive 
therapy could lead to marrow suppression, in- 
fection, and death. 
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THE REVERSAL OF REJECTION IN HUMAN RENAL 
HOMOGRAFTS WITH SUBSEQUENT DEVELOPMENT 


OF HOMOGRAFT TOLERANCE 


THOMAS E. STARZL, M.D., F.A.C.S., THOMAS L. MARCHIORO, M.D., and 
WILLIAM R. WADDELL, M.D., F.A.C.S., Denver, Colorado 


Because oF the high failure rate after renal 
homotransplantation, there has been an air 
of pessimism concerning the possibility of 
long term function of the grafted kidney. 
The immunologic processes subserving re- 
jection are generally thought to be so power- 
ful and persevering that consistent success 
cannot be expected with the use of any of the 
currently available methods of antirejection 
therapy. 

Recent personal experience in caring for 
patients with renal homografts has resulted 
in alterations in many of our preconceived 
notions concerning the management of such 
patients. It has led to the beliefs that the re- 
jection process can almost never be entirely 
prevented, but that its effects can be re- 
versed with a high degree of regularity and 
completeness. Furthermore, the subsequent 
behavior of patients who have been brought 
through a successfully treated rejection crisis 
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suggests the early development of some de- 
gree of host-graft adaptation, since the 
phenomenon of vigorous secondary rejection 
has been encountered only once. 


METHODS 


The material consists of our first 10 pa- 
tients who received renal homografts from 
living donors. All recipients were males. The 
operations were performed between 24 
November 1962 and 15 May 1963. The pa- 
tients have been followed up to 1 July 1963. 
Excluded from consideration are 2 patients 
in whom cadaveric kidneys were used as well 
as a homotransplantation between identical 
twins, which has been described previously 
(16). The 10 patients have in common that 
the homografts were previously normal 
organs and that injury during transfer 
was minimized by the provision of cooling 
during the average ischemic period of 39 
minutes. There was one donation from 
mother to son, and there were 5 from 
siblings, including 2 pairs of fraternal twins. 
In the other 4 patients, there was no genetic 


and the development of intensive care units, general sur- 
geons and neurosurgeons were confronted with the long- 
term management of patients with severe intracranial in- 
juries and absence of spontaneous respiration. At that time 
there were no available criteria to determine the proba- 
bility of neurologic recovery and ventilatory support con- 
tinued until infection intervened and caused the patient’s 
death. 


Brain Death 


The decision to accept brain death as synonymous with 
death of the patient was discussed in 1965 at a Ciba Sym- 
posium when Alexandre?” suggested that organs could be 
removed from an individual with an intact circulation if 
there was absolute evidence of brain death. This was es- 
tablished at that time by cerebral angiography confirming 


the absence of cerebral blood flow. Soon thereafter the 
concept of brain death was proposed in the United States, 
but its acceptance did not come easily and was reviewed 
in 1968 by Beecher.” A definition of irreversible coma, 
established by the Ad Hoc Committee of the Harvard 
Medical School to examine the definition of brain death, 
was published in 1968.°° Beecher provided additional 
safeguards for the primary physician, indicating the family 
should be informed and, if there were medicolegal or 
criminal considerations, the proper authorities should be 
contacted. He summarized the discussion as follows: ‘One 
can distill from the foregoing two major conclusions. The 
first is that it is clear beyond question that a time comes 
when it is no longer appropriate to continue extraordinary 
means of support for the hopelessly unconscious patient. 
Pope Pius XII spelled this out. Secondly, a strong case 
can be made that society can ill afford to discard the tissues 
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Fic. 10. Dr. John S. Najarian, Professor and Chairman of Surgery at 
the University of Minnesota, has been active in organ transplantation 
from 1964 to the present time. His contributions range from experimental 
studies in rejection, advances in clinical immunosuppression, and trans- 
plantation in the diabetic patient. The introduction of segmental pancreas 
transplantation from living related donors was the first such successful 
operation for replacement of insulin in the diabetic patient. 


and organs of hopelessly unconscious patients so greatly 
needed for study and experimental trial to help those who 
can be salvaged. This can come about only with the prior 
concurrence of those involved, the agreement of society 
and finally approval in law’.’? Ten years later acceptance 
of the death of the brain as death of the patient was re- 
viewed by Black,*! who noted that ‘the entity brain death 
not be confused with prolonged vegetative existence.’ Thus 
patients with spontaneous breathing or movement asso- 
ciated with severe neurologic impairment do not fulfill 
the criteria of brain death and are not candidates in whom 
discontinuation of life support should be considered. Black 
recognized the ‘gray zone’ of neurologic injury with res- 
pirator dependence but occasional spontaneous efforts at 
breathing and emphasized that ‘to deal with it as brain 
death is misleading.’ 
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Brain death has become the basis for cadaveric vascular 
organ procurement. Its recognition and acceptance, when 
coupled with the Required Request Law,*” should, by all 
accounts, have led to increased organ procurement. The 
Required Request Law states that in the presence of death, 
the next of kin should be asked by the primary physician 
if they wish to donate organs from the deceased patient. 
This law, passed in an effort to increase organ procure- 
ment, has not been as helpful as hoped. First the Required 
Request Law suggests that the increase in the request for 
organ donation by physicians pronouncing a patient brain 
dead will result in an increase in organs offered. This as- 
sumption is based on the premise that the public is 
knowledgeable about the need for organs for transplan- 
tation and, by understanding this need and accepting brain 
death, the family will concur with the request for donation. 
The error in this conclusion lies with the assumption that 
the public is knowledgeable about the need for organs 
and agrees with the concept of organ donation. The lack 
of organ donation is not the result of selfish people but 
rather a lack of education about the subject, and especially 
involves those with different social, cultural, and ethnic 
backgrounds. In general those relatives with a greater level 
of education are more likely to provide consent for organ 
donation. The definition and acceptance of brain death 
remains a pivotal point in organ transplantation in pro- 
viding a partial solution to the increased need for organs 
by using scientific progress to resolve the decision to ter- 
minate support in those patients with fatal and irreversible 
neurologic injury. 

Many transplant centers (ours included) receive letters 
from condemned prisoners awaiting electrocution who 
wish to donate their organs after death. Their request pre- 
supposes that their organs would be useful and thus their 
death be carried out in such a way to preserve their phys- 
iologic function. My personal experience has been to de- 
cline such offers. However the question could be raised 
that organ procurement after death would be the same as 
in other heartbeating cadavers. The obvious need would 
be to achieve a situation in which the death penalty pro- 
duced a heartbeating cadaver. The subject is not a pleasant 
one and I suspect has been avoided largely because of the 
potential gain that might accrue to the prisoners. It is 
perhaps fortunate that the actual numbers of organs gained 
for transplantation by this method would be minimal be- 
cause the numbers of prisoners executed are few. As noted 
by Moore,!? ‘there seemed to be an unacceptable social 
stigma attached to it: profiting from the ultimate punish- 
ment.’ 


Organ Preservation 


Organ preservation per se is not an ethical problem but 
does provide a method to preserve organ function after 
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it has been removed from the body and until a recipient 
patient can be selected. Because of its importance to organ 
procurement and cadaveric transplantation, some com- 
ments on preservation are appropriate. The development 
of renal preservation using pulsatile perfusion with hy- 
pothermia was first proposed by Dr. Folkert Belzer,” in 
1967 (Fig. 11). The combination of renal preservation 
with organ procurement using either brain death or car- 
diac cessation as a means of determining patient death 
was the first step toward the development of organized 
organ procurement and preservation programs (i.e., organ 
banks). In 1969 Collins et al.** published a method of 
renal preservation using hypothermic cold storage with a 
hyperkalemic, hyperosmolar solution. These two methods 
of preservation were the only options until 1989 when 
Belzer et al., developed the University of Wisconsin 
preservation solution that extended the limits of renal 
preservation to 60 hours and liver and pancreas preser- 
vation to more than 24 hours. This immediately dimin- 
ished certain logistic problems of procurement, organ 
sharing, and transplantation. 


Organ and Tissue Banks 


Procurement of organs and tissue for transplantation 
became a practical reality with the development of organ 
preservation. The establishment of ‘brain death,’ com- 
bined with organ preservation in the early 1970s, led to 
the development of clinical organ preservation labora- 
tories. These soon evolved into hospital or transplant cen- 
ter ‘organ banks’ and then later to regional organ pro- 
curement organizations. These organizations not only 
procure and store organs but also facilitate the selection 
of the recipient patient, transport organs to other trans- 
plant centers, and coordinate the notification of other 
transplant teams in obtaining extrarenal organs. The organ 
procurement organization, under the direction of a med- 
ical director, usually a transplant surgeon, is supported 
by paramedical personnel called coordinators. Concom- 
itant with the development of organ procurement for kid- 
ney, liver, heart, pancreas, heart-lung, and lung trans- 
plantation was the use of human aortic valves for aortic 
valve replacement, skin for coverage in severely burned 
patients, and bone for replacement in the resection of 
bone tumors. Thus the organ bank has evolved into an 
organ and tissue center requiring careful selection and 
monitoring of all organs and tissues procured. This in- 
cludes bacteriologic and serologic testing of tissue and 
organs, including careful analysis of the medical histories 
of cadaveric donors to exclude transmissible diseases. 

Organ procurement organizations were developed 
largely by transplant programs through the efforts of 
transplant surgeons. These programs comply with the 
ethical concerns of organ distribution following the 
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FIG. 11. Dr. Folkert O. Belzer, Professor and Chairman of the Department 
of Surgery at the University of Wisconsin, is shown above on the right 
with his orginal renal preservation machine using pulsatile perfusion. 
Dr. Belzer has carried out experimental and clinical studies in organ 
preservation for more than 20 years, culminating in the recent devel- 
opment of the University of Wisconsin (UW) solution. Mr. Bob Hoffman 
on the left, the first organ procurement technician in this country, con- 
tinues to pursue the technical and scientific aspects of organ perfusion. 


guidelines established by the United Network for Organ 
Sharing (UNOS), the effector arm of organ procurement. 
Tissue procurement to the contrary is less well regulated 
and the guidelines for procurement and processing remain 
under the control of the individual procurement organi- 
zation. Tissue procurement programs will require further 
study and careful planning for the projected growth of 
the increasing need for tissues and isolated cells for trans- 
plantation. The available opportunities to develop ‘for 
profit’ companies will further test the ethics of organ and 
tissue procurement. 


The Cost and the Demand 


The numbers of patients with renal failure waiting for 
cadaveric organs was limited until 1972 by the shortage 
of financial support available for patients requiring dialysis 
for end-stage renal disease. Government support of pa- 
tients with end-stage renal disease has allowed all such 
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patients to be candidates for dialysis or transplantation, 
without regard to their financial needs. In 1988 more than 
114,000 patients were on dialysis, with an estimated total 
cost of more than $4.4 billion a year. Obviously the de- 
cision to place a patient on dialysis has ethical. medical, 
and fiscal implications. The ethical decision of whether 
to dialyze an elderly patient with multiple medical illness 
has been avoided because of the available financial support 
for the procedure via Medicare. Because there was no 
financial limit to the number of patients receiving dialysis, 
the number of these patients expanded, as did the facilities 
required to cope with the patient care need. Although not 
all dialysis patients are transplant candidates. the number 
of potential transplant recipients has expanded far beyond 
the number of available cadaveric kidneys. In 1988 there 
were 7217 cadaveric renal transplant operations per- 
formed from a waiting list of twice that number. Therefore 
some patients will never receive a renal transplant because 
the supply of cadaveric organs will never equal the demand 
and the waiting list will continue to grow. 


Which Patient Receives the Organ 


This raises the complicated and unanswerable question 
of who deserves a kidney the most and by what means 
should organs be allocated? In 1984 the National Organ 
Transplant Act (public law 98-507) was signed by Presi- 
dent Reagan. The Organ Procurement and Transplant 
Network (OPTN) was created, and through the OPTN 
the United Network for Organ Sharing (UNOS) was 
awarded a contract to establish a national network for 
organ procurement and distribution. The UNOS then 
adopted a point system allowing a fair and equitable dis- 
tribution of organs to recipient patients. This prevented 
the allocation of organs to patients through bias of either 
the transplant surgeon or the referring nephrologist. The 
question was raised as to how many, if any, organs should 
be allocated to foreign nationals with end-stage renal dis- 
ease. Because the number of organ donors are finite, the 
number of cadaveric transplant operations will be ap- 
proximately the same number. If organs from United 
States citizens are given to non-United States patients, 
then the waiting list for cadaver organs will increase even 
more. Can or should the United States use its short supply 
of cadaveric organs for patients outside the United States? 
If one elects to do so, what is the negative impact on 
patients in this country? If one considers this a question 
of ethics, it must also be a question of finance because 
the cost of dialysis is borne by the United States Govern- 
ment via the Medicare program. Still further one needs 
to ask whether it is ‘ethical’ to provide organs only to 
those foreign nationals who have the financial means to 
come to this country for treatment. These questions are 
not theoretical and have been the subject of considerable 
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discussion. Quite simply put, organs are a resource. They 
cannot be made, cannot be purchased, and must be do- 
nated. The shortage of organs has been addressed by the 
Federal Government through grant support for the de- 
velopment of organ procurement organizations. The Re- 
quired Request Law (Pub. L. 99-509),*? enacted by Con- 
gress in 1986, went into effect in March 1988 in an effort 
to make families of patients and the patients themselves 
aware of the opportunity to donate organs and tissues. 
This law, as mentioned, has had only modest impact on 
organ donation. For the past 10 years in Alabama, we 
have had an extensive network of communication with 
more than 60 hospitals in the state involving contractual 
arrangements for organ procurement. In 1988, 650 per- 
sonal contacts were made by coordinators of the Alabama 
Organ and Tissue Center about organ donation. The rate 
of organ donation in Alabama remains about 20 donors 
per million people (80 to 90 donors per year). Despite 
strong statewide support for organ donation reinforced 
by the Required Request Law, the number of kidneys 
donated in the past 5 years has remained about the same. 
The reasons for the failure to increase the number of vas- 
cular organs is unclear because the number of tissue do- 
nors has grown considerably. It is certain, however, that 
improved techniques of request will be necessary by organ 
procurement organizations if there is to be an increase in 
organs donated.*° The solution to the organ shortage in 
the near future will be improved only through public ed- 
ucation, especially of those individuals between the ages 
of 18 and 45.°’ Despite these efforts it is likely that the 
number of available organs will be insufficient for those 
patients requiring transplantation. Therefore other long- 
term solutions must be found. 


The Xenografi 


One such alternative to organ shortage is the use of 
xenografts or heterografts. This concept is not new and 
was reported by Starzl’ in 1964 and by Reemtsma*® in 
1964. Although the grafts were rejected in 6 months or 
less, the duration of function of primate kidneys was sur- 
prising in view of the limited methods of immuno- 
suppression available. Several years after the use of renal 
xenografts there were a few unsuccessful attempts to use 
cardiac xenografts. More recently cardiac xenografts have 
been used as a bridge to temporarily replace a failing heart 
until an allograft can be identified.*° This maneuver clearly 
makes that patient a high priority for the next available 
human heart and, as such, will limit the number of organs 
for the better-risk patient. In this circumstance, who 
should receive the next organ? The sickest patient with 
perhaps a lessened chance of survival or the patient in 
better overall health with a greater chance of survival? 
The limited number of hearts creates this question. 
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If one calculates the number of vascular organs required 
for transplantation for patients with end-stage renal, car- 
diac, and hepatic disease and diabetes, the likelihood of 
providing this need seems nearly impossible. It remains 
uncertain if the organ shortage can be resolved only by 
improved organ donation and it is possible that the de- 
mand will always exceed the supply. If this conclusion is 
correct, it is probable that the only long-term solution to 
this logistical problem is the use of xenograft tissues and 
organs. Although the histocompatibility of humans to 
subhuman primates has already been tested with the kid- 
ney transplants performed in the 1960s, the frequent use 
of such organs today is not likely. First the public response 
to the use of organs from subhuman primates would be 
strongly negative, and second the subhuman primate 
population would rapidly be destroyed. How does one 
compare the social value of the apes, chimpanzees, and 
baboons versus that of humans? For these reasons it seems 
probable that xenograft organs for transplantation should 
be those removed from animals used for food consump- 
tion. This would avoid the ethical questions of using pri- 
mate organs and place the challenges on overcoming the 
immunologic barrier of xenograft rejection. Obviously this 
question can only be answered with a sustained research 
effort. 


Which Patients to Receive Organs 


Which patients should undergo transplantation if organ 
procurement becomes the rate-limiting factor has not yet 
been addressed. The patient’s age, as well as the primary 
disease causing the organ failure, would need to be taken 
into consideration. For example, transplantation of kid- 
neys into patients with long-standing type I diabetes with 
known coronary artery disease will have a shorter life ex- 
pectancy in the absence of rejection due to the primary 
disease of diabetes and its contribution to atherosclerosis. 
Thus is it proper to exclude such patients from cadaveric 
transplantation and use organs for younger patients with- 
out diabetes who have a longer life expectancy? The prac- 
tice has been to transplant the patient as the need arises, 
thus avoiding the question of allocation of limited re- 
sources. It is possible that the organ shortage may even- 
tually require physicians and, ultimately, the government 
to consider using organ transplantation for those patients 
in whom the primary disease and long-term graft survival 
is largely limited by rejection and not the patient’s primary 
illness. Some have questioned whether one patient should 
receive three organs as opposed to three patients receiving 
one organ each, i.e., save three lives instead of just one 
life. Equally difficult to answer is how many times should 
a patient be retransplanted if the first organ fails.*' There 
is clear evidence that second and third kidney transplants 
survive less well than first-time grafts. However repeat 
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transplants have been successful and most transplant sur- 
geons are willing to proceed with retransplantation. 


The Non-brain-dead Donor 


Because of the acute donor shortage in infants, some 
transplant surgeons have used organs from anencephalic 
infants.42~4” These infants often do not meet the current 
criteria of brain death. At the same time it is accepted 
that the chances for survival beyond a few weeks is un- 
likely. The use of organs from the anencephalic infant 
requires prompt intubation and ventilatory support at 
birth. This procedure will prolong life and, in time, convert 
a living infant with a major neurologic deficit to a brain- 
dead heartbeating cadaver. Consideration of using organs 
from anencephalic donors who do not meet the criteria 
for brain death raises the question of euthanasia, a subject 
that far exceeds the scope of this discussion. Brain death 
as defined and accepted by physicians today does not ex- 
tend to patients described by Black*' to be in the ‘gray 
zone.’ The anencephalic child is such a problem, and al- 
though one might conclude that such an infant cannot 
lead ‘a useful and meaningful life,’ the decision to accept 
euthanasia in this circumstance could lead to a similar 
decision in other less well-defined neurologic conditions 
(Fig. 12). A recent review of anencephalic infants confirms 
the existence of multiple congenital defects that may make 
organ transplantation in such circumstances less useful.*° 
The subject of euthanasia has little relevance to organ 
shortage and should not be considered as important in 
the effort to increase the supply of organs. 


Fetal Tissue Transplants 


The final ethical issue to be discussed is the use of fetal 
tissue for transplantation. The scientific value of fetal tis- 
sue has been resolved and the potential clinical application 
of pancreatic islet cell transplantation in the diabetic pa- 
tient is currently under investigation. However the source 
of fetal tissue remains a controversy because procurement 
will be largely from abortions. It should be clearly un- 
derstood that the decision for or against abortion should 
be kept separate from the potential use of such tissue once 
death has occurred. This point of ethics is of much greater 
scope than can be covered in this discussion. However it 
cannot be ignored and a final decision will require more 
thought and consideration than have been given to date. 
At present there is substantial resistance to funding fetal 
tissue research with federal funds, and the current politics 
of human fetal tissue transplantation provides an unclear 
path for the future. Annas and Elias*’ summarized the 
current views of this complicated subject in April 1989. 
They stated ‘Transplantation challenges our ethical pre- 
cepts, and traditionally ethics have taken a back seat to 
the temptations and incentives to perform transplanta- 
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FIG. 12. This infant born with anencephalocoele, as noted on the left 
anencephalic, is neither brain dead nor compatible with life. Current cri 


tions that are the first of a kind. Despite this, the public 
has generally applauded such transplantation, at least 
when it is seen as an attempt to save a life that otherwise 
would certainly have been lost. Transplantation involving 
fetal tissue is much more problematic, and the public may 
be less forgiving of ethical shortcuts. Saving a life is usually 
not at issue, and the source of the tissue, although not 
illicit, is troublesome to many. The world is watching and 
this opportunity to demonstrate good science, good ethics 
and compassionate patient care should not be wasted.’ 


Transplantation and the Media 


Organ transplantation has occupied public interest for 
the past 35 years. Cardiac transplantation, first performed 
in 1966 by Dr. Christian Bernard of Cape Town, South 
Africa, was an impressive surgical feat that electrified the 
eyes and ears of the public. At times a carnival-like at- 
mosphere surrounded the subsequent heart transplant 
operations until a moratorium was achieved due to the 
problems of graft rejection. Public interest in transplan- 
tation accelerated with the introduction of cyclosporin 
and the major advances in graft acceptance of the liver, 


, had surgical removal of the extracranial nervous tissue. The infant, an 
teria do not exist regarding organ procurement. 


kidney, pancreas, and lung. This scientific progress not 
only heightened public awareness but also played an im- 
portant role in the recognition of the shortage of organs. 
Families plea to the press, radio, and television for organs 
for their relatives. On occasion the President of the United 
States became involved on behalf of the patient and the 
family in their search for an organ. The media has made 
enormous contributions to transplantation and organ 
procurement by publishing reports of scientific progress 
combined with human interest stories. At times, as might 
be expected, the human interest aspect overshadowed the 
science and the transplant surgeon was or appeared to be 
an actor in the play. The ‘play’ of organ transplantation 
has been running for more than three decades and in all 
probability will continue for many more years. Physicians, 
especially surgeons, will continue to be the actors and 
often will have little to say about the direction of the play. 
The ethical conscience of medicine, especially surgery, 
must accept the major responsibility to be certain that 
this ‘play’ does not become a farce. Transplant surgeons 
and their operations have high public visibility. Although 
this is not their fault, the transplant community must be 
careful not to emphasize the science beyond reality. To 
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do so is to provide the public with false expectations. 
Those physicians involved in transplantation need to 
temper their justified enthusiasm and high expectations 
with appropriate restraint when commenting to the media 
about new operations and immunosuppressive agents. 
The media, in turn, must be responsive to these subjects 
regarding their scientific accuracy and public release. It is 
not appropriate for us as surgeons to attempt to control 
the media and its dissemination of information. We 
should participate with them by providing accurate sci- 
entific information presented with realistic expectations 
using the institution, whenever possible, as the spokesman. 
The inter-relationship of the surgeon, the media, the 
pharmaceutical company, and accurate scientific publi- 
cations will become more important in the years to come. 
Each member of this group must be careful not to lose 
the public confidence it now enjoys. 

Ethical questions are frequently shunned by surgeons 
because they are often difficult and have no precise an- 
swers. As a result the questions are directed to others and 
the answers are provided from a nonclinical viewpoint. 
It is doubtful that this approach will continue to satisfy 
the public, the press, and eventually the patient. The ethi- 
cist has become an increasingly visible member of the 
field of transplantation and provides a thoughtful and 
provocative insight into the issues confronting this area 
of medicine. The answers to the questions are not clear 
cut and, as such, seem perplexing to those of us who are 
more comfortable with precise conclusions. The solutions 
may appear vague because the scientific data is lacking 
(the anencephalic and organ donation). Difficulty in ar- 
riving at well-defined conclusions by surgeons and ethicists 
should not encourage surgeons to defer the problems to 
the ethicist. These are clinical questions to be solved by 
clinicians with consultation by ethicists and others avail- 
able for advice. Attention to the allocation of resources 
is unavoidable, and when the resources affect patient care, 
the physicians and, in this case, the surgeons must par- 
ticipate in those decisions. We really have no choice and 
should not avoid the challenge. 


Conclusions 


Today I have reviewed some of the important ethical 
questions confronting those involved in the clinical field 
of organ and tissue transplantation. The problems of the 
past and present revolve primarily around human exper- 
imentation, informed voluntary consent, and the shortage 
of organs and tissues. It is the shortage of organs that 
causes the transplant surgeon to consider the living donor. 
Here the issue of informed consent is of critical concern. 

Transplantation of organs requires a donor, and the 
limited numbers of related donors has long placed an 
awareness on the cadaver donor. The determination of 
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brain death by clinical and objective laboratory tests now 
allow the valid concept of a heartbeating cadaver and the 
procurement of organs and tissue from the deceased pa- 
tient under optimal conditions. The development of organ 
procurement and preservation teams has facilitated the 
removal and transportation of organs. However the con- 
currence of donation by the next of kin remains far less 
than the actual number of potential donors, despite the 
Required Request Law passed as a means to emphasize 
the need for organ donation. The solution to this problem 
will be greater emphasis on public education carefully 
directed toward schools, colleges, churches, and civic or- 
ganizations. 

The attempt to obtain organs from infants with an- 
encephaly and without confirmed brain death involves 
the subject of euthanasia, which far exceeds the boundaries 
of the current guidelines established for fatal neurologic 
injury. Patients with irreversible neurologic injury but with 
electrical activity of the cortex are outside the confines of 
brain death and will require new scientific criteria for or- 
gan procurement. 

Xenografts are a potential source of organs and tissues 
that, if successful, would allow us to avoid some of the 
obstacles limiting organ donation. The use of subhuman 
primates as organ donors has important limitations in 
that large colonies of animals are threatened with destruc- 
tion; these limitations also involve the social concerns 
regarding animal experimentation. Xenograft tissue and 
organs from animals used for food consumption, however, 
might be an acceptable solution if the immunologic bar- 
riers causing rejection can be overcome or modified so 
graft acceptance can be achieved. 

The subject of fetal tissue has important implications 
for using pancreatic islet cells to provide insulin in patients 
with diabetes mellitus. The decision to use tissue from 
the aborted fetus has both ethical and political ramifica- 
tions. The impact on research and its potential clinical 
applications are such that a reasonable resolution of the 
problem must be pursued with serious efforts by the pub- 
lic, the medical profession, and the government. The sci- 
entific and ethical implications are far more important 
than to allow discontinuation of fetal tissue research be- 
cause of the separate and complex subject of abortion. 
The problem is not the pros and cons of abortion but the 
use of tissue from a fetus that is no longer alive. 

The interface of the media and the transplant profession 
has been in delicate balance for many years. The trans- 
plant surgeon, the media, and the pharmaceutical industry 
must work closely together to present new scientific data 
to the public in an accurate and realistic manner. A well- 
coordinated approach by all three groups is essential if we 
are to retain public confidence. 

In closing I would again like to thank the members of 
The Southern Surgical Association for the privilege of 
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serving as your President. It is truly a great honor and 


one that will remain with me for the rest of my life. 
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AZACTAM” FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION—AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacteri- 
cidal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 
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Aqueous solutions of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-—Before initiating treatment with AZACTAM, appropri- 
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for determination of susceptibility to aztreonam. Treatment with AZACTAM may be 
started empirically before results of the susceptibility testing are available; sub- 
sequently, appropriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial 
and recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 
Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter 
species* and Serratia marcescens*. Lower Respiratory Tract Infections, includ- 
ing pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia 
marcescens* and Enterobacter species. Skin and Skin-Structure Infections, 
including those associated with postoperative wounds, ulcers and burns caused 
by Escherichia coli, Proteus mirabilis, Serratia marcescens, Enterobacter species, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and Citrobacter species”. Intra- 
abdominal Infections, including peritonitis caused by Escherichia coli, Klebsiella 
species, including K. pneumoniae, Enterobacter species including E. cloacae", 
Pseudomonas aeruginosa, Citrobacter species* including C. freundii* and Serratia 
species* including S. marcescens*. Gynecologic Infections, including endome- 
tritis and pelvic cellulitis caused by Escherichia coli, Klebsiella pneumoniae", 
Enterobacter species” including E. cloacae*, and Proteus mirabilis". 

AZACTAN is indicated for adjunctive therapy to surgery in the management of 
infections caused by susceptible organisms, including abscesses, infections com- 
plicating hollow viscus perforations, cutaneous infections and infections of se- 
rous surfaces. AZACTAM is effective against most of the commonly encountered 
gram-negative aerobic pathogens seen in general surgery. 


Concurrent Therapy—Concurrent initial therapy with other antimicrobial agents 
and AZACTAM is recommended before the causative organism(s) is known in 
seriously ill patients who are also at risk of having an infection due to gram- 
positive aerobic pathogens. If anaerobic organisms are also suspected, therapy 
should be initiated using an antianaerobic agent concurrently with AZACTAM. 
Certain antibiotics (e.g., cefoxitin, imipenem) may induce high levels of beta- 
lactamase in vitro in some gram-negative aerobes such as Enterobacter and Pseu- 
domonas species, resulting in antagonism to many beta-lactam antibiotics 
including aztreonam. These in vitro findings suggest that such beta-lactamase 
inducing antibiotics not be used concurrently with aztreonam. Following identifi- 
cation and susceptibility testing, appropriate antibiotic therapy should be 
continued. 


CONTRAINDICATION—Aztreonam is contraindicated in patients with known al- 
lergy to this antibiotic. 


WARNINGS—Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 


PRECAUTIONS—General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 


*Efficacy for this organism in this organ system was studied in fewer than ten 
infections. 
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used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen in any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS—Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps; rare cases of C. difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding have been reported. Dermatologic—purpura, erythema multiforme, urti- 
caria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System—seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskeletal—muscular aches. Special Senses—tinnitus, diplopia, 
mouth ulcer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Other—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole— 
weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 


OVERDOSAGE-—'If necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients with impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection)—Lyophilized— 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1g or 2 g/bottle. 
Consult package insert before prescribing AZACTAM (aztreonam). 
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INCOMPARABLE Moss®T uses a 


" (but compare with other feeding-decompression tubes anyway.) 


1. Decompression Site 


Gastric suction alone cannot work! The stomach's 


longitudinal folds mimic parallel segments of intestine. 
Effective 


Aspiration orifices may empty a single “Magenstrasse” Aspiration 
Sites 


(figure A). Most swallowed air avoids suction, and is 
propelled through the pylorus via adjacent channels. A 
clinical study of other N-G and G-tubes measured 32-42% Gactric Sekine 
inefficiency. A toll booth in the center of a wide highway (Magansr apt 
cannot collect from traffic in the outer lanes. 
Removal of air is most effective at constricted (single-file) 
sites. Measured efficiency increases 12-fold by adding 
aspiration within the adjacent esophagus and/or 
duodenum. And flowing duodenal digestive juices 
“self-cleanse” the tube of occluding mucus. 


2. Feeding site 


Gastric feeding risks distention and aspiration. 
Jejunal delivery bypasses 1-3 feet of proximal intestine, 
acting as a barrier to retrograde decompression. Aspira- 

“Ytion of feedings is less likely, but remains a risk. Minimal Å. The functioning stomach subdivides into discrete" Magenstrasse'’. 
initial infusion (starvation) is manditory initially. Any tube can only evacuate the single gastric stream within which it lies. 

The Moss®G-Tube's duodenal delivery site is the 
most effective. With proximal duodenal aspiration (pat- 
ented), the initial distal feeding rate is unlimited. Clinical 
X-rays visualized removal of all excess feeding, with none 
reaching the stomach. (Fig. B) The full length of intestinal 
absorption is available immediately. Earliest "enteral 
hyperalimentation” is safely instituted within the recovery 
room. Positive nutritional balances are achieved, leading 
to enhanced sepsis resistance, accelerated wound healing 
and shorter L.O.S. 





y3. Aspiration Orifices 


Uniformly sized orifices (all others) "suck in" mucosa 
to occlude the openings and stop decompression. 
Mucosal release then requires a null period (intermittant 
suction). Prograde air or retrograde feedings can be 
propelled accross and beyond the stomach, causing 
distention or aspiration. 

By pairing each large orifice with a patented, smaller 
“suction buster"@ opening (Moss®G-tube), continuous 
aspiration is maintained despite inadvertantly elevated 
suction. 


¥ 4. Biomaterials 


The Moss®G-Tube is all silicone, the accepted "gold 
standard” for optimum long term stability, tissue tolerance 


and biocompatibility. B. study @ 5 minutes. Note effective removal of all excess barium 
flowing retrograde, none visualized to reach the stomach. 
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best of care—and indeed are inherent in the recognizing and avoiding complications as well presens, INCU YAnSparnEuge. 

disease process. Others are the result of errorsin as current diagnostic approaches and therapy. Each surgical specialty chapter has been 

judgement or technique. This book covers the full Organized by both body system and by thoroughly updated. New chapters cover: 

spectrum of complications which can occur in surgical procedures, this book covers all major @ infection-related complications 


each surgical specialty—taking into account areas of surgery. Special areas and complica- W acute renal failure 
anticipation, avoidance and prevention as well 2S = tions, such as burns, that do not fit into a particu. 1 pancreatic transplantation 
recognition, diagnosis and management. lar body system are dealt with separately. Pre-anc 7,064 Pages. 365 Illustrations. 1989. 
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Diffuse Aneurysmal Disease (Chronic Aortic 
Dissection, Marfan, and Mega Aorta Syndromes) 


and Multiple Aneurysm 


Treatment by Subtotal and Total Aortic Replacement 
Emphasizing the Elephant Trunk Operation 





E. STANLEY CRAWFORD, M.D., JOSEPH S. COSELLI, M.D., LARS G. SVENSSON, M.B., PH.D., 


HAZIM J. SAFI, M.D., and KENNETH R. HESS, M.S. 





The life expectancy of patients with aortic aneurysm is signifi- 
cantly prolonged by graft replacement therapy. Regardless, a 
significant predictor of late death is complications of either re- 
sidual aortic aneurysmal disease or the development of additional 
aortic aneurysm. This paper reviews a personal experience in 
the treatment of 4170 patients with aneurysmal disease of either 
dissection or medial degenerative origin, indicating that multiple 
segment involvement was or became present in 1262 (30%) pa- 
tients, 463 (67%) of 694 patients with dissection, and 799 (23%) 
of 3476 patients without dissection. Regardless of etiology, mul- 
tiple involvement varied with the location of the presenting in- 
volved segment, i.e., ascending aorta (38%), ascending and arch 
(70%), descending thoracic aorta (73%), and abdominal aorta 
(26%). This study was limited in detail to 811 patients who had 
ascending and ascending and aortic arch replacement for aneu- 
rysm. These patients were divided into 3 subgroups: (1) 524 
patients with no distal disease; (2) 135 patients with distal disease 
treated by subtotal replacement in 82 and total replacement in 
53; and (3) 152 patients with distal disease not treated. The 5- 
year survival rate from the time of first operation, including early 
death from operation was 75% in group 1, 65% in group 2, and 
39% in group 3. The causes of death in group 3 patients were 
aneurysmal rupture and/or associated disease. It is concluded 
that initial total aortic study and regular postoperative monitoring 
with computed tomographic scanning is indicated to detect ex- 
tensive disease or recurrence of disease and that aggressive re- 
placement is indicated except in patients with associated disease 
that does not permit operation. 


HE INCIDENCE OF multiple aortic segmental in- 
volvement by aneurysm is high and varies with 


etiology and location of the aneurysm.'~ In our 
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4170 patients with aneurysm of the aorta treated surgi- 
cally, more than one half of patients with aortic dissection, 
mega aorta syndrome (diffuse aneurysm due to medial 
degenerative disease), and Marfan syndrome had in- 
volvement of multiple aortic segments (Figs. 1 to 6, Table 
1).2-* Similarly, more than one half of patients with aneu- 
rysm of either the ascending and arch segment or the de- 
scending thoracic aorta had multiple involvement; 38% 
of patients presented with aneurysm located in the as- 
cending aorta had distant aneurysm; and 26% of patients 
with abdominal aortic aneurysms had proximal extension 
into the chest or were associated with separate aneurysm 
of the thoracic aorta (Table 2).'°° Long-term studies of 
surgically treated patients indicate that persistent or new 
distant aneurysm is a frequent cause of late death. Death 
in these cases is due to rupture, associated disease, or op- 
eration for associated aneurysm. Statistically, distant 
aneurysm is an independent predictor of late death.*~° 
These observations have led us to be early proponents 
of total aortic study in patients with aneurysm, regardless 
of location and, when feasible, to replace all involved seg- 
ments that are larger than 5 cm in external diameter in 
good-risk patients.''**°:’ Patients with moderate risks are 
submitted to operation for symptoms or larger aneurysms. 
Operation in patients with more advanced risks is reserved 
for severe symptoms or rupture. After operation moni- 
toring of the entire aorta is advised at least annually and 
subsequent operation is recommended for new or enlarg- 
ing aneurysms that produce symptoms or that are of ap- 
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Fics. 1A-E. Illustrations of a 16-year-old patient with Marfan syndrome treated by inclusion graft of the ascending aorta for acute type | dissection 
at age 12. (A) Plain chest X-ray showing size of thoracic component of aneurysm. (B) Drawing and aortogram before our operations showing a large 
sinus aneurysm and a large aneurysm involving the entire aorta distal to the graft after intraluminal graft replacement of the ascending aorta. (C) 
Drawing and aortogram showing complete replacement of the aorta to just above aortic bifurcation performed in three stages starting with aortic 
valve, ascending and arch replacement. (D) Drawing and aortogram showing false aneurysm at the origin of left coronary artery reattachment and 
aneurysmal enlargement of island of aortic arch used to reattach the brachiocephalic arteries. (E) Drawing and aortogram made after the third 


operation showing final satisfactory reconstruction. 


propriate size. This approach seems justified because the 
operative mortality rate since 1979 has been only 3% per 
aortic segment (including ascending and aortic arch) in 
good-risk patients.” 

The 15-year survival rate in 546 patients with aortic 
dissection treated with 838 operations was 25%; the 10- 
year survival rate of 155 patients with Marfan syndrome 
treated by 280 operations was 56%; and the 7-year survival 
rate of 717 patients with ascending and arch aneurysms 
treated by 1193 operations was 57%.™° The mean age at 
time of first operation was more than 60 years in all pa- 
tients except those with Marfan syndrome. The adverse 
effects of persistent or recurrent distal aneurysmal disease 
on long-term survival was well demonstrated in the study 
of the last group of patients. For example, in patients with 
disease of the combined ascending and transverse aortic 
arch segment treated by graft replacement, the 5-year sur- 
vival rate in those without distal disease was 75%, but it 
was only 46% in patients with associated distal aneurysmal 
disease.’ 

The purpose of this study was to review the problem 


of multiple aneurysms in general and to concentrate on 
those with ascending and arch involvement as combined 
or separate segments to determine the effect of multiple 
operations, including total aortic replacement, on long- 
term survival. 


History 


Our first total aortic replacement was to treat medial 
degenerative disease.* This operation was performed in 
stages with the aortic valve, ascending aorta, and trans- 
verse aortic arch replaced first on October 27, 1980 and 
completed on December 29, 1981 by replacing the re- 
maining aorta. The first total aortic replacement for 
chronic aortic dissection was started on April 12, 1982 
and completed on July 12, 1982.’ The results of treatment 
of medial degenerative disease by total aortic replacement 
in eight patients was presented to this association in De- 
cember 1983.” Ten patients, eight with degenerative dis- 
ease and two with aortic dissection, had been treated by 
this method and were alive at that time. 
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Fics. 2A-C. Illustrations of a patient with chronic dissecting aneurysm involving the residual aorta after composite valve graft replacement of the 
aortic valve and proximal ascending aorta at the time of acute dissection. (A) Drawing and aortogram made at the time of admission. (B) Drawing 
and aortogram made after thoracoabdominal aneurysm replacement for pain, showing complete replacement of the descending thoracic and abdominal 
aorta. (C) Drawing and aortogram made after the third operation, which replaced the distal ascending aorta, transverse aortic arch, and innominate 


artery showing complete replacement of the aorta. 


Clinical Material 

Aortic replacement has now been performed in 4170 
patients for aneurysm disease, 694 with dissection and 
3476 with nondissecting disease at all levels of the aorta 
(Table 3). Multiple aortic segments were replaced in 1262 
(30%) patients, 463 (67%) of those with dissection and 
799 (23%) of those with nondissection. Of these, 811 pa- 
tients had graft replacement of the ascending aorta and 
ascending aorta and transverse aortic arch (Table 4). 
Multiple aortic segments were involved in 287 of the 811 
patients. The entire aorta was replaced in 53 of these pa- 
tients and lesser segments were replaced in 82 for asso- 
ciated aneurysmal disease. The distal disease was not re- 
placed in 152 patients. This study is concerned with an 
analysis of this group of 811 patients with emphasis on 
those treated by total aortic replacement. 


Total Aortic Replacement 


Patients in whom the aorta was replaced from the cor- 
onary artery ostia to just above the aortic bifurcation are 


considered in this report to have had total replacement. 
Regardless, aortic valve replacement was performed in 25 
(47%), 7 by separate valve graft technique and 18 by com- 
posite valve graft with reattachment of coronary arteries 
to the graft (Figs. 1 and 2, 4 and 5). Eight patients had 
distal graft replacement of the common iliac arteries or 
bilateral bypass to the common femoral arteries (Fig. 4). 
Three patients had aneurysm extension into one or more 
brachiocephalic arteries that were replaced by separate 
grafts attached to the aortic graft and three patients had 
coronary artery bypass grafts (Fig. 2). 


Patient Characteristics 


There were 27 male and 26 female patients in the series 
of 53 patients whose ages ranged from 12 to 78 years 
(median, 60 years). The etiology of aneurysm was dissec- 
tion in 21 (40%), medial degeneration in 26 (49%), and 
giant cell aortitis in 6 (11%). Of the 21 patients with aortic 
dissection, 12 (57%) had Marfan syndrome. All patients 
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FIG. 2C. 


were symptomatic and the diameter of aortic segments 
ranged from 5 to 14 cm in external diameter. Twenty- 
four patients had aortic valve insufficiency and the aneu- 
rysm had ruptured in six patients. 


Treatment 


The entire aorta, except for that between coronary ar- 
tery origin and valve (sinus segment), was replaced at one 
operation in one patient because of rupture of a large 
diffuse aneurysm just proximal to the left subclavian ar- 
tery. Replacement was staged in the remaining 52 patients 
with the order of replacement depending on complica- 
tions, size, and location of symptoms. The ascending and 
transverse aortic arch was replaced first in 45 patients 
because of size and symptoms and to relieve cardiac com- 
plications to minimize risk of subsequent operations. Be- 
cause the proximal operation was better tolerated than 
distal operations, a shorter interval between operations to 
prevent rupture of the distal aneurysm during the recovery 
period was allowed (Figs. 1 and 3 to 5). The order of 
Operation was reversed in 7 (13%) patients because of 
symptoms or size of the aneurysm (Fig. 2). A total of 132 
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reconstructive operations, 70 proximal and 62 distal, were 
performed in these cases. The location and ratio of op- 
eration to patient are shown in Tables 5 and 6. Redo 
operations were performed for 10 previous ascending 
aortic procedures done elsewhere because of late compli- 
cations or inadequate replacement and in five of the au- 
thors’ patients for similar reasons (Fig. 1). The distal aorta 
was replaced at one operation in 40 patients and by mul- 
tiple procedures in 13 patients. 


The Interval of Operation 


Total aortic replacement in stages was tentatively 
planned as the treatment of 42 patients. The second op- 
eration was declined by 4 patients, 2 died from rupture 
before total recovery from the first operation, 4 patients 
were eventually considered unfit for further operation be- 
cause of chronic obstructive pulmonary disease (COPD), 
and 5 patients are waiting to recover from the first op- 
eration. Total aortic replacement was completed within 
4 months in the remaining 27 patients in this group (Table 
7). Of the other patients who declined or were unfit for 
operation, two died later from rupture and one died of 
heart failure. Completion operation was performed else- 
where 2 years later for rupture in another of these unfit 
patients who died 30 days later from pulmonary embolus, 
and she accounts for one of the early deaths in the sur- 
gically treated series. Of the 10 patients who progressed 
to nonsurgical treatment, the latter is the only patient 
who regressed back into the surgically treated group. 

The remaining group consists of 25 patients. One had 
total aortic replacement for acute rupture opposite the 
left subclavian artery. The aneurysm was extremely large 
and involved the entire aorta. Death occurred 3 months 
later from multiple causes related to associated disease 
and the operation. This patient accounts for one of the 
late deaths. Completion operation or operations were 
performed in the remaining 24 patients as the aorta in- 
creased in size or as associated aneurysms developed over 
a period ranging from 11 months to 10.6 years (Table 7). 
Although we performed most of the procedures in these 
cases, total aortic replacement was not planned at the 
time of initial operation in this last group of 25 patients. 


Methods of Operation 


Total aortic replacement at one operation is a formi- 
dable operation; however we successfully replaced most 
of it using profound hypothermic circulatory arrest 
through a posterolateral thoracoabdominal incision in 18 
patients.” This approach, however, does not provide the 
exposure for either replacement of the aortic valve or the 
aortic root, which requires both valve replacement and 
reattachment of coronary arteries to the graft. We also 
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Fics. 3A-C. Illustrations of a patient with chronic dissection aneurysm involving the entire aorta. (A) Drawing and aortogram showing extent of 
disease. (B) Drawing and aortogram showing replacement of ascending transverse aortic arch by the first operation and the descending thoratic aorta 
at the second operation. While exposing the distal aortic arch at the second operation, the left pulmonary artery was entered and massive bleeding 
was controlled by suture. Circulation was arrested using cardiopulmonary bypass and hypothermia, the descending thoracic aortic graft was inserted, 
and the operation completed by rewarming the patient and closing the wound. (C) Drawing and aortogram made after the third operation showing 


complete aortic replacement. 


have replaced most of the thoracic aorta, including the 
aortic valve and aortic root through a midsternal incision 
or two incisions, i.e., a trans-sternal incision and a separate 
posterolateral incision. These operations, although suc- 
cessful in most cases, have been reserved for patients with 
special problems and are considered for total aortic re- 
placement under such special circumstances as present in 
the second patient in this series referred to above who 
had total aortic replacement at one operation. 

In general, the patients in this study consisted of 2 types. 
In one, the need for total aortic replacement was evident 
during the first admission. In the other, total aortic re- 
placement became necessary as a completion procedure 
or procedures in the late follow-up period after the first 
operation or operations. In any case, a degree of planning 
could be exercised in some patients. The ascending aorta 
and transverse aortic arch was replaced first and the tho- 
racoabdominal segment was replaced later in most (Figs. 
3 and 5). This order was reversed in a small group because 
of size and symptoms in the distal segment. 

In the second group of patients with limited segmental 
involvement at the onset, as in patients with acute type 


| dissection, total aortic replacement gradually became 
necessary as the aortic segments gradually increased in 
size with time (Figs. 1, 2, and 4). Twenty of these patients 
had ascending aortic replacement by graft or by composite 
valve graft. Most of these required additional ascending 
aortic replacement either by extension of the graft re- 
placement, replacement of the graft entirely, repair of false 
aneurysm, or the insertion of new composite valve grafts 
(Figs. 1, 2, and 4). Random segmental graft replacement 
over time was required in others (Fig. 2). Our techniques 
for graft replacement of the various aortic segments have 
been described previously.”~!° 


Special Operative Techniques 


Ascending and transverse aortic arch replacement is 
not difficult in patients in whom the descending thoracic 
aorta has been replaced up to near the origin of the left 
subclavian artery. The proximal end of the latter graft is 
easily exposed through the proximal aneurysm opened 
under hypothermic arrest for attachment of the transverse 
arch graft. On the other hand, proximal aortic clamping 
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Fics. 4A-D. Illustrations of a patient with Marfan syndrome showing 
total aortic involvement by chronic aortic dissecting aneurysm 4 years 
after composite valve graft replacement of the aortic valve and ascending 
aorta performed at the time of aortic dissection. (A and B) Plain X-ray 
of the chest and CT scan showing the size and extent of aneurysm. (C) 
Drawing and aortogram showing location and extent of the old graft and 
the aneurysm. (D) Drawing and aortogram showing complete aortic and 
iliac artery replacement in two stages using the elephant trunk technique 
in the first operation to minimize the need for proximal exposure at the 
second operation to prevent problems shown in Figure 3. 


Rea EENS A R- 


and attachment of descending thoracic or thoracoabdom- 
inal graft to the distal end of a previously inserted as- 
cending and transverse aortic arch graft may be difficult 
and hazardous. Exposure for aortic clamping may be dif- 
ficult or impossible. The left pulmonary artery or the 
proximal aorta may be entered during the dissection for 
proximal exposure. This complication is treated by suture 
or local pressure and by hypothermic cardiac arrest of 
circulation obtained by femoral vein—femoral artery can- 
nulation. With circulation arrested, bleeding is controlled 
and the necessary exposure is obtained for satisfactory 
completion of operation, as in the case shown in Fig- 
ure 3.” 


The Elephant Trunk Procedure 


A more desirable approach is one that would avoid 
these problems. The elephant trunk operation, first de- 
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Fics. 4C and D. 


scribed by Borst,'®'’ achieves this objective and deserves 
emphasis by detailed description because of its applica- 
bility in these patients with diffuse aortic disease needing 
ascending and arch replacement at the time of first pre- 
sentation and distal aortic replacement either as a planned 
later procedure or at such time as dilatation becomes suf- 
ficient to warrant distal replacement. The steps of this 
procedure as we have applied it in 54 patients with aneu- 
rysms of varying extent including entire aorta are illus- 
trated in Figure 5. 

Certain complications relating to the length of the distal 
free end of the graft that were not reported by Borst must 
be avoided. These include kinking and obstruction of the 
graft, embolization, and paraplegia. Kinking and obstruc- 
tion of the graft, which may cause proximal hypertension 


and red cell destruction, is avoided by limiting the distal 
free end of the graft to 10 to 12 cm in length and ensuring 
that this end of the graft is placed into a spacious segment 
of distal aorta. The septum between the small true lumen 
and larger false lumen of patients with chronic aortic dis- 
section, for example, is incised longitudinally to avoid 
trapping the free end of the graft within the small true 
lumen (Fig. 6). 

Emboli consist of clot and intimal debris dislodged ei- 
ther during insertion or by flapping action of long free 
grafts. The latter is prevented by limiting the length of 
graft as stated above and cerebral embolization at the time 
of operation is prevented by antigrade perfusion at the 
time of resuming cardiopulmonary bypass, as shown in 
Figure 5 (I and J). 
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Fics. SA—O. Drawings and aortograms of a patient with mega aorta 
treated by separate aortic valve replacement and replacement of 
the ascending aorta and transverse aortic arch using the elephant 
trunk techniques followed by graft replacement of the remaining 
aorta. (A) Drawing and aortogram made before operation showing 
extent of disease. (B) With the heart arrested using cardiopulmonary 
bypass and profound hypothermia, the ascending aorta and arch 
are opened. (C) The wound edges are retracted, exposing the in- 
competent aortic valve and the origins of the coronary and bra- 
chiocephalic branches. 


Paraplegia occurred in one of our patients needing sub- 
total aortic replacement immediately after the elephant 
trunk operation. A long distal free end of graft that ex- 
tended to the diaphragm was used in this case. The pur- 
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pose of using a long graft was to produce thrombosis be- 
tween graft and outer wall of descending thoracic aortic 
aneurysm to provide mural strength and to delay rupture 
of the aneurysm so that operation could be safely staged. 
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Fics. 5D-G. (D) A dacron graft is inverted on itself (E) and inserted into the distal aorta. (F) The inverted end of the graft is sutured to the aorta 
beyond the origin of the left subclavian artery. (G) The inverted end of graft is withdrawn. 


Paraplegia in this case may have been related to throm- 
botic obstruction of the intercostal arteries. The patient 
has had substantial neurologic recovery but has declined 
additional operation. 

A final feature of the elephant trunk operation that 
may produce problems at the second operation is non- 
healing or separation of distal graft aortic anastomosis 
made at the first operation. This problem occurred where 
the graft had been sutured to the left subclavian artery 
origin in 2 of our 54 patients and this resulted in hem- 


orrhage proximal to the site of clamping the free end of 
graft. This problem was corrected by cross clamp of the 
graft proximal to the subclavian origin and insertion of 
sutures. 

The elephant trunk procedure has been used in 54 pa- 
tients, as stated above, and completed in 42 (81%) for 
aneurysmal disease of the ascending aorta and varying 
lengths of the distal aorta. There were two early deaths 
from pulmonary complications in patients with pre-ex- 
isting COPD. There were no deaths in the 42 patients 
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FIGs. 5H-K. (H) An opening is made in the side of graft and sutured around the origin of the brachiocephalic vessels. (I) A small tube is attached 


to the side of aortic graft. (J) After removing air from distal aorta, antigrade perfusion is performed to prevent cerebral emboli. The aortic valve is 
replaced (K) and the proximal end of the graft is sutured to the proximal aorta near the origins of the coronary arteries. 


who had completion operation, indicating that the com- Results of Treatment 
plications encountered in this step of the procedure and 
described above were not lethal. An awareness of their 


There were 4 (8%) early and 11 (21%) late deaths after 
prevention may minimize their occurrence in the future. 


completion operation in the 53 patients in whom the en- 
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Fics. 5L and M. (L) Aortogram made after operation showing proximal aortic replacement and a short segment of graft dangling in the aneurysm 
distally, available for attachment of the graft at the second operation. (M) At the second operation, the free end of the previously inserted graft is 
exposed and clamped by simply incising the aneurysm and grasping the graft by hand. A long graft is attached, and spinal and visceral vessels are 


reattached to the aortic graft. 


TABLE |. Multiple Segment Involvement According 


to Disease (4170 Patients) 
(NES Re Ea ES Cea tee wie a eon ter ig a a 


Disease No. of Patients Multiple Segments 
Mega aorta syndrome 165 165 (100%) 
Dissection 694 463 (67%) 
Marfan syndrome 186 116 (62%) 
Nondissection 3476 799 (23%) 


TABLE 2. Multiple Segment Involvement According 
to Segment (4170 Patients) 





Location No. of Patients Multiple Segments 
Ascending aorta 580 221 (38%) 
Ascending and arch 463 324 (70%) 
Descending thoracic aorta 1010 741 (73%) 
Abdominal aorta 3424 905 (26%) 





TABLE 3. Extent of Aneurysm (4170 Patients) 








Extent Dissection Nondissection Total 
Single segment 231 (33%) 2677 (64%) 2908 (70%) 
Multiple segments 463 (67%) 799 (23%) 1262 (30%) 
Total 694 (100%) 3476 (100%) 4170 (100%) 





TABLE 4. Ascending Aorta and Aortic Arch Replacement: Late Survival 
According to Extent of Disease (811 Patients) 





5-Year Survival 





Extent No. of Patients Kaplan-Meier 
No residual aneurysm 524 75% 
Residual (treated) 135 65% 
Subtotal aortic replacement 82 65% 
Total aortic replacement 53 62% 
Residual (untreated) 152 39% 
Total 811 66% 
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Fics. 5N and O. (N) Finally the entire descending thoracic and abdominal aorta is replaced. The balloon catheters in the branch vessels are deflated 
and removed. (O) Drawing and aortogram made after the second operation shows successful total aortic replacement. 


tire aorta was replaced by graft. The causes of both early 
and late deaths are shown in Table 8. Transient renal 
failure requiring dialysis occurred in 2 patients and 10 


TABLE 5. Total Aortic Replacement Segmental 
Operations (53 Patients) 


Aortic Operations Authors Others Total 
ASC l 12 13 
ASC/ARCH 53 0 53 
ASC/ARCH/DES 2 0 2 
ASC/ARCH/TAA l 0 l 
ARCH l 0 l 
DES > 3 8 
DES/TAA l 0 l 
DES/AAA 0 l l 
TAA 51 0 51 
AAA 0 l l 
Total 115* 17 32" 


* Includes 15 redo ascending and/or arch operations in 12 patients. 
ASC, ascending; DES, descending; TAA, thoracoabdominal; AAA, ab- 
dominal. 


(19%) had neurologic disturbances of the lower extremi- 
ties. The neurologic deficit was profound in three patients, 
two of whom were early deaths and the other remains 
severely crippled. The deficit was mild to moderate in the 
other seven patients and these recovered completely 
within 3 months. 

Thirty-eight (71%) of these patients are still alive for 
periods ranging up to 12 years from the first operation 
(Fig. 7). The latter patient has Marfan syndrome. His first 


TABLE 6. Total Aortic Replacement Ratio of Operations 
to Patient (53 Patients) 


No. of Operations* No. of Patients 


l l 
2 33 
3 14 
4 3 
5 2 


* Includes 15 redo ascending or arch operations in 12 patients. 
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FIGS. 6A-C. Illustrations of patient who developed proximal hypertension and hemolytic anemia after the first stage of the elephant trunk procedure. 
(A) Drawing and aortogram of the patient made 3 years after tube graft replacement of the proximal tubular segment of the ascending aorta for acute 
dissection showing false aneurysm of the proximal suture line and aneurysm involving the entire aorta. (B) Aortogram made 2 weeks after operation 
showing kinking and narrowing of the distal end of the graft, which was squeezed into the true lumen. For prevention of this and other complications, 
see text. 


operation was performed in 1979 and the last of his five 
operations was performed in 1987. The 5-year Kaplan- 
Meier probability survival rate of these patients with total 
aortic replacement was the same as the cumulative 5-year 


TABLE 7. Total Aortic Replacement Interval Between Initial 
and Last Operation (53 Patients) 








Interval No. of Patients 

0 1 (2%) 
1-30 days 2 (4%) 
31-60 days 5 (9%) 

61-90 days 12 (23%) 

91-120 days 7 (13%) 

120-365 days 7 (13%) 
1-2 years 4 (8%) 
2-3 years 5 (9%) 
3-4 years 4 (8%) 
4-5 years 2 (4%) 
5-10 years 3 (6%) 
10.6 years 1 (2%) 


a 


survival rate, regardless of the aortic segment replaced 
(Fig. 8). 

Of the original 811 patients with aneurysms of the as- 
cending and ascending aorta and transverse aortic arch 


TABLE 8. Total Aortic Replacement Causes of Death (15 Patients) 


Cause Early Late 





Stroke 

Pulmonary embolus 

GI bleed 

Sepsis 

Ruptured false aneurysm 
Pulmonary 

Pulmonary, arrhythmia 
Multisystem failure 
Hemorrhage of unknown source 
Suicide 


A ocoococoocorK tO 


Total 11 
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Fic. 6. (C) Drawing and aortogram made after the secod operation, 
which consisted of removing the dissection septum, stretching the graft, 
connecting another graft, and replacing the entire descending thoracic 
aorta. This patient is awaiting increase in size of distal aorta before re- 
placement by a third operation. 


r 


in this series treated by graft replacement, 524 were iso- 
lated lesions and did not need distal operations. Distal 
disease was present in 287 patients, 135 treated by distal 
operation, including total aortic replacement in 53 and 
subtotal replacement in 82. Distal disease was not treated 
in 152 patients because of the severity of associated dis- 
ease, the size of the aneurysm was not appreciated from 
follow-up monitoring, and refusal of operation by the pa- 
tient. The 5-year survival rates of these four subgroups of 
patients were 75%, 65%, 62%, and 39%, respectively (Fig. 
7). The Kaplan-Meier estimations of the incidence of 
freedom from rupture at 2 years in the same groups were 
99%, 91%, 95%, and 86%, respectively. Our explanation 
for the differences in survival rates is the higher incidence 
of both rupture and the severity of associated disease in 
the patients with untreated distal aneurysmal disease. 


Discussion 


The life expectancy of untreated patients with aortic 
aneurysm, regardless of etiology and location, is limited, 
with death occurring within 5 years from rupture and/or 
associated disease in more than 75% of the cases.!8-?! 


TOTAL AORTIC REPLACEMENT - KAPLAN-MEIER CURVE 
SURVIVAL ACCORDING TO RESIDUAL ANEURYSM STATUS 


— 85% (300) 
"= 86% (80) 
-~ 86% (39) 


FIG. 7. Kaplan-Meier prob- 
ability survival curves that 
show differences in survival 
according to the presence and 
treatment of associated distal 
aortic aneurysmal disease. 


Cumulative Survival (%) 


Pate 59% (48) 
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AORTIC ANEURYSM REPAIR 
KAPLAN-MEIER SURVIVAL CURVES 


4170 Patients Total 


@ 5 Years 
— 62% (509) 
mms 57% (115) 
=.= 59% (110) 
=- 63% (100) 


@ 1 Year Ss 
— 86% (1300) 
ome 78% (730) 
—-— 81% (400) 


——-80% (475) 


—— Abdominal (n=1809) 

= Thoracoabdominal (n=1282) 
=.=: Descending Thoracic (n=673) 
—-—=— Ascending/Arch (n=873) 


Cumulative Survival (%) 


2 3 4 5 6 


Years After Surgery 


Rupture as the cause of death varied between 31% and 
80%, depending on size of the aneurysm and the incidence 
and severity of associated disease in these untreated re- 
ported patients. In our study of 106 patients treated for 
acute rupture of the descending thoracic aorta or the tho- 
racoabdominal aorta, the aneurysm diameter at the rup- 
ture site was determined before operation in 78 patients. 
The diameters of rupture sites in descending thoracic aor- 
tas in 52 patients were 5 to 6 cm in 8 (15%), 6 to 8 cm in 
10 (19%), 8 to 10 cm in 28 (54%), and more than 10 cm 
in 6 (12%). The diameters of the rupture sites in the ab- 
dominal component of thoracoabdominal aortic aneu- 
rysms in 26 patients were 5 to 6 cm in 3 (12%), 6 to 8 cm 
in 6 (23%), 8 to 10 cm in 12 (46%), and more than 10 
cm in 5 (19%). Thus it seems logical to recommend op- 
erative treatment in these cases when their external di- 
ameters, estimated from CT scans, are 5 cm in diameter 
in good-risk patients and for symptomatic and larger 
aneurysms in the high-risk patients. 

This study also emphasizes the fact that patients with 
this disease frequently have diffuse aortic involvement or 
multiple aneurysms. It is generally accepted that graft- 
replacement therapy prevents rupture and prolongs life 
in patients with aneurysms of the aorta and it seems logical 
that the latter patients are best treated by extensive or 
multiple operations. This study appears to confirm this 
hypothesis because the 5-year survival rates of patients 
submitted to subtotal and total aortic replacement were 
as good as those after graft replacement for less extensive 
disease (Figs. 7 and 8). 
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@ 10 Years 80 
— 36% (175) 
ome 30% (10) 
—-— 38% (20) 
==- 42% (10) 60 FIG. 8. Kaplan-Meier prob- 
ability survival curves that 
show long-term survival after 
aneurysm replacement ac- 
40 cording to segment replaced. 
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DISCUSSION 


DR. JERE W. LORD, JR. (Bedford, New York): Heartiest congratula- 
tions are due to you, Dr. Crawford, and your colleagues for accomplishing 
such a remarkable results in a situation that I believe is probably the 
most difficult operation a surgeon is required to perform on a human 
patient. 

I have two questions. One concerns an aortic aneurysm of the transverse 
arch ending at T thoracic 6, not of a Marfan syndrome nor a dissecting 
aneurysm, but presumably an atherosclerotic one sufficiently large to 
cause paralysis of the recurrent laryngeal nerve on the left side. What is 
the risk of rupture, in the untreated aneurysm, compared to, for example, 
the infrarenal abdominal aortic aneurysm? 

With thrombotic material along the lining of the aneurysm, what is 
the risk of an embolus to the innominate or left carotid or subclavian 
artery? 


Dr. ARNOLD G. DIETHELM (Birmingham, Alabama): I would like to 
ask a question or two. 

First, how often do you have to combine a renal artery endarterectomy 
at the time that you are doing the completion thoracoabdominal portion 
of the operation, or do you do it at all? Second, a question that has been 
asked often in our institution, do you have any special methods of pro- 
tecting the kidney during this ischemic interval, or do you just proceed 
to get it done? 


DR. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): I had not 
planned to discuss this, but I guess many of us are in awe of Dr. Crawford 
and his continuing contributions in this field. It deserves a comment, 
however. 

I am glad that Stan is available to do these operations that not many 
of us in the United States can do. He is always presenting another in- 
novative aspect; today it is the ‘Crawford invagination technique.’ I am 
not sure he is going to call it that but it is a technique we have used very 
often. 

I appreciate the Houston group doing these operations. My only prob- 
lem is when Stan himself has a large thoracoabdominal aneurysm, who 
will fix it? 
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asymptomatic abdominal aortic aneurysm and unfit for surgical 
treatment. Arch Surg 1972; 104:600-606. 

19. Pressler V, McNamara JJ: Thoracic aortic aneurysm: natural history 
and treatment. J Thorac Cardiovasc Surg 1980; 79:489-498. 
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Dr. E. STANLEY CRAWFORD (Closing discussion): The incidence of 
rupture of aneurysms of the ascending aorta, transverse aortic arch, and 
descending thoracic aorta from spontaneous mural laceration or super- 
imposed dissection is size dependent and is about the same as in aneurysm 
of the infrarenal abdominal aorta. Furthermore 50% of patients with 
aneurysms of the ascending aorta and ascending aorta and transverse 
aortic arch have dilatation of the aortic valve annulus, aortic valve in- 
sufficiency, and left ventricular heart strain. Preoperative stroke from 
associated brachiocephalic occlusive disease and embolus from clot and 
debris arising from the aneurysm is relatively rare and the incidence of 
this complication is similar to that of patients with abdominal aortic 
aneurysm. The incidence of postoperative stroke or ischemic brain dam- 
age after ascending and aortic arch replacement rarely occurs due to 
progress in techniques and this operation should be considered in all 
patients with aneurysms over 5 cm in diameter who are of reasonable 
risk and whose life expectancy otherwise would be expected to be more 
than 4 to 5 years for symptoms, to prevent rupture, and to relieve aortic 
valve insufficiency and heart failure. 

Impairment of renal function [blood creatinine rise more than 2 mgm/ 
%] occurs in less than 10% of patients who undergo thoracoabdominal 
operation. This complication occurs most commonly in those whose 
preoperative function was impaired, in those whose aneurysms had rup- 
tured, in those who required reoperation for bleeding, in those whose 
aortic cross clamp times exceeded | hour, and in those who required 
nephrotoxic drugs after operation. For these reasons, the multiple methods 
that we have used for renal function preservation have been ineffectual. 
These include total body hypothermia (moderate and profound), renal 
hypothermia, direct renal artery perfusion (atriorenal pump bypass), 
cardiopulmonary bypass, and atriofemoral artery bypass. 

Temporary occlusion of the superior mesenteric artery and celiac axis 
required for operation has not been associated with complications. Pro- 
found persistent neurologic events of the lower extremities occurred in 
6% of patients and transient deficits occurred in 14% of the other patients 
in this series of patients. This problem has not been favorably affected 
by such measures as temporary bypass, hypothermia, the use of so- 
matosensory evoked potentials, spinal fluid drainage, and certain med- 
ications including steroids, barbiturates, and oxygen-free radical scav- 
engers. 
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Acute gastrointestinal (GI) illnesses are unusual but potentially 
fatal complications following cardiac transplantation. A retro- 
spective study was performed to analyze the frequency, etiology, 
and severity of GI complications and the potential impact of 
early diagnosis and prompt surgical intervention when appro- 
priate. Between 1981 and July 1, 1988, 31 GI complications 
(pancreatic, 6; colonic, 6; gastroduodenal, 6; biliary, 5; esopha- 
geal, 3; appendical, 2; hernia, 2; and splenic, 1) occurred in 26 
patients undergoing 32 cardiac transplants. Complications were 
most common (14 of 31 patients, 45%) within the first 30 days 
after transplantation. Seventeen GI complications were treated 
medically (2 deaths), 2 with elective surgery and 12 with emergent 
operations (3 deaths). The overall mortality rate was 16%. All 
patients who underwent emergent operations within 3 days of 
onset of symptoms survived; the mean interval of onset between 
symptoms and operation in the nonsurvivors was 10 + 3.8 days. 
We infer that among patients requiring urgent surgical inter- 
vention, successful outcome is enhanced by intense surveillance 
for early symptoms, prompt diagnostic evaluation, and early 
surgical intervention. 


CUTE GASTROINTESTINAL (GI) illnesses are un- 

usual but potentially fatal complications follow- 

ing cardiac transplantation, particularly when 
surgical intervention is required.'~* A high mortality rate 
has generally been attributed to the need for emergent 
abdominal surgery after cardiac transplantation.! To in- 
vestigate the frequency, etiology, and severity of GI com- 
plications and the potential impact of early diagnosis of 
intra-abdominal disease and prompt surgical intervention 
when appropriate, a retrospective analysis was performed. 


Materials and Methods 


Between 1981 and July, 1988, 151 patients underwent 
169 cardiac transplant operations at the University of Al- 
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abama at Birmingham. During this period, 31 major GI 
complications occurred in 26 patients undergoing 32 car- 
diac transplants. There were 21 men and 5 women with 
an age range of 21 to 64 years (median, 44 years). Twenty- 
five patients underwent orthotopic cardiac transplantation 
and one patient had heterotopic transplantation. Five pa- 
tients underwent a second transplant and one a third. 
Although the first 17 patients in this experience received 
only azathioprine and prednisone to maintain immuno- 
suppression, all patients experiencing major GI compli- 
cations received cyclosporine and prednisone, with or 
without azathioprine. 

All hospital and outpatient records were reviewed and 
all potential GI complications were identified. A major 
GI complication was defined as any gastrointestinal illness 
that required hospitalization and specific medical or sur- 
gical treatment. Simple diarrhea and/or gastroenteritis 
were excluded. 

The usual statistical methods were used to determine 
the likelihood that differences were due to chance. 


Results 
Timing of GI Complications 


The GI complications occurred at a median of 58 days 
after cardiac transplantation (range, | day to 3.6 years). 
Complications were most common (14 of 31 complica- 
tions, 45%) within the first 30 days after transplantation. 
Fifty per cent occurred within 2 months of transplantation 
and 75% occurred by 1 year (Fig. 1). 


Associated Morbid Events 


The most frequent associated morbid event was acute 
allograft rejection. A total of 241 treated rejection episodes 
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FIG. 1. Frequency distribution curve for GI complications (n = 31) after 
cardiac transplantation (UAB; 1981-July 1988). The curve depicts the 
percentage of patients whose interval from transplant to complication 
was < the stated interval in days. 


occurred during the study period, of which 4% (10 of 241 
episodes) were associated with a subsequent GI compli- 
cation within 30 days. Thirty-two per cent (10 of 31) of 
the GI complications had an associated rejection episode 
within the preceding 30 days. Recent augmented im- 
munosuppression (either by transplantation within 30 


TABLE 1. G/ Complications After Cardiac Transplantation: 
UAB, 1981 to July, 1988 





Surgical Rx 
Medical 
Complication Rx 


Elective Emergent 





Appendical 

Appendicitis — — l 

Carcinoid with perforation — — l 
Biliary 

Cholecystitis — ] 3 

Cholangitis — — l 
Colonic 

Cecal volvulus — — l 

CMV colitis l — — 

Diverticulitis l — — 

Pseudomembranous 

colitis 

Pseudoobstruction l — — 

Toxic megacolon — — 1 (1) 
Esophagitis 3 — — 
Hernia 

Diaphragmatic 

Umbilical — l — 
Pancreatitis 4 (1) — 2 (1) 
Gastroduodenal 

Bleeding duodenal ulcer l 

Bleeding gastritis l 

Gastritis 2 — — 

Perforated duodenal ulcer — — 1 (1) 
Spleen Infarct l — — 


Total 17 (2) 2 12 (3) 
Numbers in parentheses indicate deaths associated with the compli- 
cation. 


UAB, University of Alabama. 
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days or a treated rejection episode, or both) was present 
in 58% (18 of 31) of GI complications. In 13% (4 of 31) 
of GI complications there was a major infectious episode 
in the preceding 30 days. 


Mortality 


The overall mortality related to a GI complication was 
16% (5 of 31 complications; 70% Confidence Limits, 9% 
to 26%) (Table 1). The mortality rate was similar in pa- 
tients undergoing medical treatment (2 of 17 patients, 
12%) and surgical therapy (3 of 14 patients, 21%)(p = 0.4). 
The two deaths in the medically treated group occurred 
in patients suffering from profound low cardiac output. 
One patient developed intermittent upper GI bleeding and 
the other acute hemorrhagic pancreatitis. The three deaths 
in the group undergoing emergent surgical therapy were 
all associated with multisystem failure. 


Interval from Onset of Symptoms to Emergent Surgical 
Intervention 


Among patients undergoing emergent surgical inter- 
vention for a GI complication (Table 2), the interval from 
the onset of GI symptoms to emergent surgery was con- 
siderably shorter in surviving patients compared to non- 
surviving patients (1.1 + 0.48 days vs. 10 + 3.8 days, p 
= 0.0005). All but two surviving patients received prompt 
surgical intervention within 48 hours of the development 
of symptoms. In contrast, two of three nonsurviving pa- 
tients had a delay in excess of 10 days before surgical 
intervention (Table 3). 


TABLE 2. Emergent Operations for GI Complications: 
UAB, 1981 to July 1988 








Diagnosis Procedure 
Appendical perforation Appendectomy 
(carcinoid) 
Appendicitis Appendectomy 


Bleeding duodenal ulcer Oversewing of ulcer,* vagotomy 
and plyoroplasty 


Cecal volvulus Cecal resection 


Cholangitis Peracutaneous biliary 
decompression followed by 
cholecystectomy and 
choledochoduodenostomy 

Cholecystitis Cholecystectomy 


Necrotizing pancreatitis 85% pancreatectomy,t 
gastrostomy, jejunostosomy, 
extensive drainage 

Debridement and drainage 

Omentopexyt 


Subtotal colectomyt 


Necrotizing pancreatitis 
Perforated duodenal ulcer 
Toxic megacolon 





* Patient died after subsequent GI complication. 
+ Death associated with this complication. 
UAB, University of Alabama. 
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TABLE 3. GI Complications After Cardic Transplantation Emergent 
Surgical Therapy (n = 12): UAB, 1981 to July 1988 





Interval (Days) Between 
Onset of Symptoms and 





Operation 
Pre-existing 
Complication Survivors Nonsurvivors Morbidity 
Cholecystitis l — Rejection 
l E 
0 en 
Cholangitis* 0 — 
Bleeding ulcert 3 — Rejection 
Appendicitis 4 — 
0 = 
Cecal volvulus l — Rejection 
Necrotizing pancreatitis 0 — Rejection 
— 4 Multisystem failure 
Perforated ulcer — 13 Multisystem failure 
Toxic megacolon — 13 Multisystem failure 





* Percutaneous biliary decompression followed by elective cholecys- 
tectomy and choledochoduodenostomy. 
+ Patient died after subsequent GI complications. 


Discussion 


Acute gastrointestinal complications after cardiac sur- 
gery without immunosuppression are rare (less than 1% 
requiring operation), but the reported operative mortality 
rate has been as high as 40%.° In this setting the devel- 
opment of such complications as pancreatitis, GI bleeding, 
ischemic bowel, and acute cholecystitis are likely to be, 
in part, related to acute cardiac dysfunction and low car- 
diac output during the early period following operation.” 
Patients who develop profound acute cardiac failure after 
cardiac transplantation, occasionally complicated by 
multisystem dysfunction, appear particularly vulnerable 
to the development of lethal gastrointestinal complica- 
tions. In the experience reported here, all five fatalities 
related to gastrointestinal complications occurred in the 
setting of profound cardiac failure, often with multisystem 
dysfunction. 

The obligatory immunosuppression required for trans- 
plantation appears to provide an additional milieu for the 
development of serious gastrointestinal complica- 
tions.°'° The deleterious effects of steroids, azathio- 
prine,*’ and cyclosporine’ have been implicated in the 
predisposition to GI complications. As noted in this ex- 
perience, patients following renal transplantation appear 
to be particularly vulnerable to GI complications after a 
period of augmented immunosuppression for the treat- 
ment of acute allograft rejection.®’ In the presence of life- 
threatening GI complications after renal transplantation, 
immediate decrease in steroid dosage and cessation of 
azathioprine have been recommended, along with appro- 
priate medical and prompt surgical therapy, as the critical 
therapeutic maneuvers to provide the maximal chance 
for survival. Unfortunately after cardiac transplantation, 
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massive reduction of immunosuppression is not a realistic 
option when GI complications develop because there is 
no effective support technique, such as renal dialysis, 
available for irreversible cardiac rejection. Thus the GI 
medical and surgical teams must be able to effectively 
manage these complications without major reduction in 
immunosuppressive therapy. 

Complications of gastroduodenal ulceration, pancre- 
atitis, acute biliary pathology, and colonic disease were 
most frequently encountered in this experience. The well- 
known association of chronic steroid therapy and gastro- 
duodenal ulcerations may contribute to upper GI bleeding 
or ulcer perforation.” Cytomegalovirus may be an etio- 
logic factor in acute perforation of upper gastrointestinal 
ulcerations.! Pancreatitis has been described as an im- 
portant complication of renal’ and cardiac transplanta- 
tion.*! In the azathioprine era of renal transplantation, 
acute pancreatitis was associated with a reported mortality 
rate of 50%.'' The pathogenesis of steroid-related pancre- 
atitis is unclear, but a mechanism of vascular occlusion 
similar to avascular necrosis of bones in the presence of 
chronic steroid therapy has been suggested.*"'* Pancreatitis 
has been temporally associated with augmentation of ste- 
roid therapy,'? azathioprine therapy,'*'? and cytomega- 
lovirus infection.'®!’ Cholelithiasis and acute cholecystitis 
or cholangitis has been reported following cardiac trans- 
plantation,' and cyclosporine therapy may contribute to 
gallstone formation.'* Colonic complications in the im- 
munosuppressed patient,'° occasionally with perforation, 
have been associated with steroid therapy, cytomegalo- 
virus,!?2° and lymphoproliferative disorders.”! 

Our analysis suggests that survival following major gas- 
trointestinal complications after cardiac transplantation 
is favorably influenced by prompt diagnosis and early 
surgical intervention. There is often a tendency to pro- 
crastinate in the preoperative surgical decision making of 
this complex and often critically ill group of patients. De- 
lay, we believe, is rarely advised and often fatal. An ag- 
gressive policy of early surgical intervention has also been 
recommended by Steed and colleagues,’ Nghiem,° and 
others. The chances for survival appear greatest when GI 
operations have been performed within 48 hours of the 
onset of symptoms. 


Inferences 


From this analysis, we would make the following in- 
ferences: 


e Major GI complications occur most frequently during 
the first post-transplant month after cardiac transplan- 
tation and are often associated with other morbid events 
that may mask subtle signs of GI pathology. 

e With early diagnosis and prompt therapy, mortality 
rates are low. 
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e Among patients requiring urgent surgical intervention, 
successful outcome is enhanced by intense surveillance 
for early symptoms, prompt diagnostic evaluation, and 
early surgical intervention (usually within 48 hours), even 
in the presence of acute cardiac or multisystem dysfunc- 
tion. 
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DISCUSSION 


Dr. HUNTER MCGUIRE, JR. (Richmond, Virginia): Our VA hospital 
in Richmond has done 193 heart transplants and only five have required 
surgery for acute GI complications. 

There were two patients with colon perforation who survived, two 
cases of severe pancreatitis with one fatal abscess, and one small bowel 
infarct patient who died of a stroke. 

About a dozen patients have returned for readmission for elective 
cholecystectomies and they have behaved like any other uncomplicated 
cholecystectomies in young, healthy patients. We agree with Dr. Aldrette, 
as we always do, and join him in urging general surgeons to have no 
reticence or fear of doing the right operation at the right time in patients 
who have had heart transplants. Except in the very rare case of acute 
rejection, these patients have ASA class I hearts and they do remarkably 
well if treated quickly and correctly. 


DR. ROBERT MENTZER (Buffalo, New York): I would like to com- 
pliment Dr. Aldrete and his colleagues on a fine presentation and for 
bringing to our attention the observation that nongastrointestinal morbid 
events in heart transplant patients may mask GI pathology and early 
diagnosis and treatment may lower the mortality. 

Like other medical centers, we recognize that, although GI compli- 
cations occur infrequently after open heart surgery, such complications 
can be lethal. 

At our own institution in the past year and a half, 25 of 1686 (or 
1.5%) of the patients who underwent coronary bypass surgery developed 
significant GI complications. 

Among those who underwent GI surgery, the mortality rate was eight 
times greater than what we would have predicted for patients without 
heart disease. Because cardiac transplantation is associated with an even 
higher Gl-related mortality rate, we decided to test the hypothesis that 
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these complications may be related to a low flow state and that heart 
transplant patients are actually at a lower risk of developing GI compli- 
cations when compared to patients with advanced cardiomyopathy. 

To date we have studied 127 patients with severe cardiomyopathy 
who were referred for transplantation and 31 who underwent transplan- 
tation during the same time period. Patients were identified as having 
significant GI disease if they had signs and symptoms, laboratory, ra- 
diographic, or endoscopic confirmation, or if they were surgically treated 
for a GI problem. 

As you can see from this slide, while the incidence of significant GI 
complications in the transplanted group was high, the overall incidence 
of pancreaticobiliary and gastric duodenal complications in the transplant 
cohort was significantly less than in the pretransplant group. 

What is not shown on this slide is that the transplant patients seemed 
to have a lower mortality rate associated with GI operations. 

We interpret these data to suggest that low cardiac output is indeed 
the underlying mechanism responsible for many of these complications. 

The questions I would like to ask Dr. Aldrete’s group are: (1) do you 
have any evidence that a low flow state associated with prolonged car- 
diopulmonary bypass occurred in any of your patients? (2) Do you have 
any evidence that the patients who sustained rejection manifested a sig- 
nificant reduction in cardiac output? (3) And finally, because a number 
of transplant patients in your study did have biliary complications, would 
you comment on the reliability of using HIDA scans and ultrasonography 
in patients who were NPO and who had gastrointestinal problems? 


DR. HILLIARD F. SEIGLER (Durham, North Carolina): A number of 
years ago we looked at this question concerning renal allograft recipients 
and found that the GI complications were, for the most part, steroid 
driven. We had the appropriate donor recipient combinations for eval- 
uation, which, of course, you won’t have in heart transplants in that we 
had living related donor recipient pairs that had no steroids to compare. 
We found that when we analyzed all groups the most significant variable 
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was driven by steroids. I wonder if you had a comparable experience 
with your recipient population. 


Dr. JAMES K. KIRKLIN (Closing discussion): Actually, it is quite un- 
common for patients to have ‘low flow states’ or low cardiac output early 
after cardiac transplantation. With appropriate methods of myocardial 
protection, even with prolonged periods of cardiopulmonary bypass, the 
usual cardiac performance is superb early, so I think that is not a reason 
for the early complications. 

It is true, however, that patients who have acute rejection, particularly 
those who manifested multisystem dysfunction, have severe reduction 
in cardiac output, and in that setting it is frequently very difficult to 
make the diagnosis of intra-abdominal pathology. And those situations 
frequently are highly lethal. 

The HYDA scan has been very helpful to us in the diagnosis of acute 
gallbladder pathology. 

The potential of steroids being etiologically related to these compli- 
cations is certainly high. In our cardiac transplant program all patients 
are maintained chronically on steroid therapy, so we don’t have two 
groups to compare. 
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As an aside, it has often been noted in the literature on renal transplant 
patients that one of the basic therapeutic axioms has been to reduce 
immunosuppressive therapy at the time of diagnosis of intra-abdominal 
pathology in association with prompt operation. Of course we don’t 
have that luxury in cardiac transplantation, which underscores even more 
poignantly the need for early diagnosis and therapy because we cannot 
reduce immunosuppression at the same time. 

I would like to emphasize that, although this was a retrospective anal- 
ysis, the hypothesis that Dr. Aldrete mentioned of improved survival 
with aggressive early surgical intervention in the face of potential serious 
intra-abdominal pathology was translated into a prospective protocol in 
1986. During the past 4 years Dr. Aldrete has worked as an integral part 
of the cardiac transplant team. He has been notified at the earliest signs 
of intra-abdominal pathology, and he has personally encouraged and 
performed prompt surgical intervention for these possible acute intra- 
abdominal crises. 

The result, largely through his efforts, has been no deaths from GI- 
related complications since January 1, 1987. Improvements in this im- 
portant aspect of cardiac transplantation, along with others, has con- 
tributed to a 93% 2-year survival rate in the current era at UAB. This 
experience really emphasizes the critical need for a serious multidiscipline 
commitment to the care of cardiac transplant patients if nearly uniform 
intermediary survival is to be obtained. 
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strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp * 
(including K pneumoniae*). Proteus mirabilis.* Bacteroides fragilis. * 
Enterobacter spp..* and Acinetobacter calcoaceticus. * 

Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including B. fragilis), and Enterobacter spp. * 

Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp.* (including B. fragilis*) 
"Efficacy for this organism inthis organ system was studied in fewer than 10 
infections 

While UNASYN® (ampicillin sodium/sulbactam sodium) ts indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
Organisms are also amenable to treatment with UNASYN duetoits ampicillin 
content. Therefore, mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 

The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 

WARNINGS 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 

PRECAUTIONS 

General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida). the drug should be discon 
tinued and/or appropriate therapy instituted 

Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone Itis notknown whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the sn vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 

Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
presence of glucose in urine using Clinitest’’. Benedict's Solution or 
Fehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix~ or Testape ~) be 
used. Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolgiucuronide. conjugated estrone. and estradiol has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud 
iesin animals have not been performed to evaluate carcinogenic or muta- 
penis potential 
regnancy 
Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however, no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs Nave shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions How- 
ever, itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
is administered to anursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been establisned 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 
Pain at IM injection site— 16°% 
Thrombophliebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
Patients and rash in less than 2°% of the patients 
Additional systemic reactions reported in less than 1°% of the patients were 
itching, nausea. vomiting. candidiasis. fatigue. malaise. headache. chest 
pain, flatulence. abdominal distension. glossitis. urine retention. dysuria 
edema. facial swelling, erythema. chilis. tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 
Hepatic: Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 
LOH 
Hematologic. Decreased hemoglobin, hematocrit. RBC. WBC. neu 
tropniis, lymphocytes. platelets and increased lymphocytes. mono- 
cytes. basophils, eosinophils. and platelets 
Blood Chemistry Decreased serum albumin and total proteins 
Renal. increased BUN and creatinine 
Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlied with antihistamines and. if necessary, systemic cortico- 
Steroids Whenever such reactions occur, the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity. ™® Not 
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And that’s nothing to overlook— 
given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
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the mixed infections* you see every day. 
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UNASYN ts indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 





strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
(including K. pneumoniae*), Proteus mirabilis,* Bacteroides fragilis. * 
Enterobacter spp..* and Acinetobacter calcoaceticus.* 
Intra-Abdominal Infections caused by beta-lactamase producing Strains of 
Escherichia coli, Klebsiella spp. (including K pneumoniae*). Bacteroides 
spp. (including 8. fragilis). and Enterobacter spp .* 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli, * and Bacteroides spp. * (including B. fragilis*) 
*Efficacy for this organism in this organ system was Studied in tewer than 10 
infections 
While UNASYN®* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above, infections caused by ampicillin-susceptible 
Organisms are also amenable to treatment with UNASYN due to its ampicillin 
content Therefore, mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS. IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
oe should be kept in mind during therapy It superinfections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged biood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes ıs due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to then vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
eee af glucose in urine using Clinitest~. Benedict's Solution or 
ehlings Solution It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix’~ or Testape ~) be 
used, Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol, es- 
triolglucuronide. conjugated estrone. and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 

regnancy 
Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on thefetus, prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1°o of the patients were 
oe nausea. vomiting. candidiasis, fatigue. malaise. headache. chest 
pain, flatulence, abdominal distension. glossitis, urine retention. dysuria 
edema. facial swelling, erythema. chills, tightness in throat. substernal 
pain, epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

as Increased AST (SGOT). ALT (SGPT). alkaline phosphatase and 

LDH 

Hematologic Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes, basophils, eosinophils. and platelets 

Blood Chemistry. Decreased serum albumin and total proteins 

Renal. increased BUN and creatinine 

Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. ard an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary, systemic cortico- 
steroids. Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 

your standards. UNASYN costs at least 40% less per 
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effective, highly affordable therapy in mixed infections* 
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Lloyd M. Nyhus, M.D., Editor. 


This series of hardbound volumes features a sym- 
posium on a specific topic in general surgery in each 
issue. It Serves as an outlet for the publication of 
Original articles aimed at defining and suggesting 
solutions to difficult problems encountered in prac- 
tice. Clinical problems are emphasized, with concen- 
tration on difficulties and complications. Leading 
authorities, chosen for their expert knowledge in their 
assigned topics, contribute articles on specific 
subjects, pooling the expertise of specialists for the 
benefit of generalists. 


Published quarterly. Individual rate $65.00 per year 
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Annals of Surgery 


Official Publication of The American Surgical 
Association, The Southern Surgical 
Association, Philadelphia Academy of 
Surgery, and the New York Surgical Society 
David C. Sabiston, Jr., M.D., Chairman of 
Editorial and Advisory Board. 

Annals of Surgery—the world’s oldest exclusively 
surgical journal—has provided the medical com- 
munity with reports on significant contributions to 
the advancement of surgical science and practice 
for over 100 years. Its 20,000 subscribers find it a 
practical way to keep up to date with important 
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developments in surgery. 
Published monthly. Individual rate $60.00 per year 


(U.S.), $85.00 (elsewhere). Residents $40.00 (U.S.), 
$60.00 (Canada). 


The American Surgeon 


Official Publication of the Southeastern 
Surgical Congress, the Midwest Surgical 
Association, and the Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) 


Talmadge A. Bowden, Jr., M.D., Editor-in-Chief. 


An authoritative forum for the publication of 
Original papers contributing to the advancement of 
Surgery. Each issue contains information on the 
clinical application of new methods used in the 
management of patients; review articles with 
continuing education questions; condensed reviews 
of unusual case reports; ‘‘How | Do It” articles 
emphasizing the technical aspects of surgery. 


Published monthly. Individual rate $60.00 per year 
(U.S.), $75.00 (elsewhere). Residents $34.00 (U.S. 
only). 


Current Surgery 

The Official Journal of the Association of 
Program Directors in Surgery 

Lloyd M. Nyhus, M.D., Editor. 


An internationally renowned editorial board pre- 
pares abstracts from every dependable source of 
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surgical information throughout the world. Drawing 
on their own clinical experience and that of other 
recognized authorities, the members of the board 
provide commentary to further amplify and 
illuminate the material contained in each abstract. 
Also included are editorials, reports of new 
discoveries, residents’ corner, and book reviews. 


Published bimonthly. Individual rate $45.00 per year 
(U.S.), $60.00 (elsewhere). Residents $30.00 (U.S.), 
$35.00 (Canada). 
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Official Journal of the American Society of 
Colon and Rectal Surgeons and the 
International Society of University Colon and 
Rectal Surgeons 


Robert W. Beart, Jr., M.D., Editor-in-Chief. 


This journal publishes reports on contemporary 
practice in the diagnosis and management of proc- 
tologic diseases and surgery. International in scope, 
it includes articles from physicians worldwide who 
share their important discoveries that offer new 
insights into basic research in metabolism, 
pathology, virology, radiology, and the clinical 
practice of medicine and surgery. 


Published monthly. Individual rate $85.00 per year 
(U.S.), $105.00 (elsewhere). Residents $44.00 
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The Effects of Sepsis and Endotoxemia 
on Gut Glutamine Metabolism 





~ 


WILEY W. SOUBA, M.D., Sc.D., KENNETH HERSKOWITZ, M.D., V. SUZANNE KLIMBERG, M.D., 
RABIH M. SALLOUM, M.D., DONALD A. PLUMLEY, M.D., TIMOTHY C. FLYNN, M.D., 


The effects of sepsis on gut glutamine (GLN) metabolism were 
studied to gain further insight into the regulation of the altered 
glutamine metabolism that characterizes critical illnesses. Stud- 
ies were done in laboratory rats and in hospitalized patients. The 
human studies were done in seven healthy surgical patients (con- 
trols) and six septic patients who underwent laparotomy. Radial 
artery and portal vein samples were obtained during operation 
and were analyzed for GLN and oxygen content. Despite no re- 
duction in arterial glutamine concentration in the septic patients, 
gut glutamine extraction was diminished by 75% (12.0% + 1.6% 
in controls vs. 2.8% = 0.8% in septic patients, p < 0.01). Similarly 
gut oxygen extraction was diminished by nearly 50% in the septic 
patients (p < 0.05). To further investigate these abnormalities, 
endotoxin (10 mg/kg intraperitoneally) or saline (controls) was 
administered to adult rats 12 hours before cannulation of the 
carotid artery and portal vein. The arterial GLN concentration 
was increased by 13% in the endotoxin-treated animals (p < 0.05) 
but gut glutamine uptake was diminished by 46% (526 + 82 
nmol/100 g BW/minute'in controls ys. 282 + 45 in endotoxin, 
p < 0.01). Simultaneously gut glutaminase activity was dimin- 
ished by 30% (p < 0.01) and intestinal glutamate release fell by 
two thirds. Blood cultures were negative in control animals (0 
of 20), but were positive in 25% of endotoxemic animals (6 of 
24) for gram-negative rods (p = 0.019). Sepsis and endotoxemia 
impair gut glutamine metabolism. This impairment may be eti- 
ologic in the breakdown of the gut mucosal barrier and in the 
development of bacterial translocation. 


EPSIS INITIATES SOME of the most profound phys- 
iologic and metabolic abnormalities observed in 
critically ill patients. Severe infection is associated 
with hypermetabolism, altered glucose dynamics, accel- 
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erated lipolysis, and alterations in protein metabolism.’ 
Accelerated proteolysis, increased nitrogen excretion, and 
prolonged negative nitrogen balance are characteristic of 
sepsis and this response pattern is often similar to that 
described for injury. Amino acid flux from skeletal muscle 
is accelerated in patients with sepsis.* In infected burn 
patients, splanchnic uptake of amino acids is increased 
50% above rates in noninfected burn patients with injuries 
of comparable size.? 

Glutamine is the most abundant amino acid in the body 
and the amino acid most affected by catabolic diseases.“ 
Glutamine depletion is a characteristic feature of critical 
illness and results, in part, from accelerated release of glu- 
tamine by skeletal muscle® and from augmented uptake 
of glutamine by the gastrointestinal tract.” Glutamine is 
the principal fuel used by the intestinal tract and it may 
extract up to one third of circulating glutamine.” !° Uptake 
of circulating glutamine by the intestinal tract is increased 
after operative stress, an adaptive mechanism designed to 
support mucosal metabolism, structure, and function at 
a time when food intake is interrupted. !! 

The effects of severe infection on gut glutamine me- 
tabolism are unknown. This study was designed to study 
the effects of sepsis and endotoxemia on gut glutamine 
metabolism in surgical patients and in laboratory rats. 
The results demonstrate that gut glutamine use is mark- 
edly impaired during severe infection and that this im- 
pairment may contribute to a breakdown of the gut mu- 
cosal barrier. 


Materials and Methods 


Human Studies 


Surgical patients (ages 18 to 75 years) admitted to the 
Shands Hospital at the University of Florida or the 
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Gainesville Veterans Administration Hospital were eli- 
gible for participation in this portion of the study. The 
study protocol was approved by the Institutional Review 
Board at the University of Florida and the Subcommittee 
for Clinical Investigation at the Veterans Administration 
Hospital. Two groups of surgical patients were studied. 
The first group consisted of seven healthy patients without 
evidence of weight loss, diabetes, renal insufficiency, liver 
disease, cancer, or infection. The specific diseases requiring 
laparotomy in this control group included cholelithiasis 
(two patients), ileal stricture, diverticulosis, abdominal 
aortic aneurysm, cecal mass, and aortoiliac disease (one 
patient each). The second group included six surgical pa- 
tients with severe infections who required emergency lap- 
arotomy for treatment of their primary disease (one pa- 
tient each with perforated duodenal ulcer, perforated di- 
verticulitis, pancreatic abscess, biliary sepsis, psoas abscess, 
and perineal sepsis from a large decubitus ulcer). These 
patients were normotensive and had no evidence of pneu- 
monia of adult respiratory distress system. Informed con- 
sent to study intestinal substrate metabolism with the use 
of portal vein catheters was obtained from all patients 
and/or their families before the operation. 


Study Procedure 


Studies were performed in the elective surgical patients 
during operation between 8 A.M. and 10 A.M. under gen- 
eral anesthesia with Lactated Ringers infusing at a rate of 
2 to 4 mL/kg BW/hour. All patients were studied 1n the 


postabsorptive state and had a radial arterial catheter in 


place. The fractional percentage of the inspired oxygen 
(FiO,) delivered by the ventilator in these patients was 
50%. On entering the peritoneal cavity, a catheter was 
inserted into the portal vein. In three patients, access to 
the portal vein was obtained by inserting a 25-cm segment 
of PE-160 polyethylene tubing (Intramedic, Clay Adams, 
Parsippany, NJ) into a tertiary mesenteric vein with the 
use of a vein guide. This catheter was then advanced into 
the portal vein where it could be palpated within the he- 
patoduodenal ligament. In the other four patients, access 
to the portal vein was obtained by inserting a sampling 
catheter (Operative Cholangiogram Catheter, Taut, Inc., 
Geneva, IL) through the umbilical vein. This was done 
by dividing the ligamentum teres hepaticum and isolating 
the umbilical vein. Using hemostats to gently retract the 
edges of the vein, a probe was used to gently dilate the 
obliterated umbilical vein as it passed through the hepatic 
parenchyma into the left branch of the portal vein. In two 
patients umbilical venous and mesenteric venous catheters 
were both inserted and a portal venogram was obtained 
through each catheter. This confirmed the presence of 
both catheters in the same region of the portal vein. Ad- 
ditional studies comparing substrate concentrations with- 
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drawn simultaneously through each catheter in these two 

patients showed no difference between these samples. 
The six septic patients who underwent emergency lap- 

arotomy received Lactated Ringers at 2 to 4 mL/kg BW/ 


hour during the study procedure. The FiO, delivered to 


these patients ranged between 50% and 70%. In these pa- 
tients all portal catheters were inserted via the umbilical 
vein. Radial artery and portal vein samples in both control 
and infected patients were drawn in duplicate or in trip- 
licate (5 minutes apart) and immediately analyzed for 
blood gases. They were processed for later determination 
of arterial glutamine and glutamate concentrations. The 
portal vein catheter was then removed. The umbilical vein 
was ligated with 2-0 silk suture in patients with umbilical 
vein catheters while the tertiary mesenteric vein was ov- 
ersewn in patients with catheters inserted via the mes- 
entery. The patients then underwent surgical treatment 
of their primary disease process. There were no compli- 
cations related to catheter placement. 


Sample Collection and Processing: 


The blood samples were immediately placed on ice after 
collection. Blood gases were obtained and the'blood for 
determination of glutamine and glutamate was promptly 
deproteinated with 10% perchloric acid, neutralized to a 
pH of 6.8 with KPO, (0.52 mol/L [molar]), and frozen 
at —20 C before analysis. Glutamine and glutamate were 
determined by a microfluorometric enzymatic assay 
adapted from the method described by Bergmeyer.!* 


Calculations 


Oxygen content in the arterial and portal venous blood 
was calculated using the formula [O, content = (hemo- 
globin X % saturation X 1.34) + (p02 X 0.003)]./° Oxygen 
extraction was calculated by dividing the difference in ox- 
ygen content between the radial artery and portal vein 
(PV) by the arterial concentration [Gut 02 extraction 
= (Art 02 content — PV 0, content)/Art 02 content]. Gut 
glutamine and glutamate extraction were calculated in a 
similar fashion [((ART Conc — PV Conc)/ART Conc]. 
Student’s unpaired t test was used to compare data in 
control versus septic patients. A p value of less than 0.05 
was considered significant. 


Animal Studies 


Forty-four adult male Sprague-Dawley rats (250 to 275 
g) were obtained from the Animal Farm at the University 
of Florida College of Medicine and were allowed at least 
| week to acclimate to the Animal Care Facility before 
being studied. During this time the rats were allowed ad 
libitum intake of water and standard rat chow (Purina 
Rodent Chow 5001, Purina Inc., St. Louis, MO). The rats 
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were subjected to alternate 12-hour periods of dark and 
light cycles. On the evening before the study, their chow 
was removed and one group of rats (n = 24) received an 
intraperitoneal injection of endotoxin, (10 mg/kg BW, E. 
Coli LPS Serotype 0127:B8, Sigma, St. Louis, MO). A 
second group of rats (n = 20) received an equal volume 
of saline intraperitoneally. The animals were then allowed 
water ad libitum. 


Study Procedure 


The next morning (12 to 14 hours later) all rats were 
anesthetized with Ketamine (0.75 mg/kg BW intraperi- 
toneally) and Acepromazine (0.075 mg/100 g BW intra- 


peritoneally). Body temperature was monitored using a 


rectal thermometer and was maintained between 37 C 
and 38 C by a heated animal board. After sterile prepa- 
ration with a betadine solution, blood cultures were drawn 
from the tail vein using a 23-gauge needle, and 0.1 cc of 
blood was plated on standard culture plates using heart/ 
brain infusion medium. An incision was then made in 
the neck and a tracheostomy was constructed using a 4- 
cm segment of PE-240 polyethylene tubing (Intramedic, 
Clay Adams, Parsippany, NJ) (Fig. 1). Next the right ca- 
rotid artery was dissected free of surrounding tissues and 
cannulated with a 12-cm segment of PE-50 polyethylene 
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Fic. 1. Rat model used for determination of intestinal substrate flux. 
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tubing that was attached to a l-cc syringe containing hep- 
arinized saline. The arterial catheter was secured in place 
with 4-0 silk sutures. A midline incision was then made 
and the intestines were gently displaced to the right using 
a cotton swab. The portal vein was cannulated using a 
26-gauge needle connected to a l-cc syringe via a 12-cm 
portion of sylastic tubing. The 26-gauge needle was held 
in place by one drop of cyanoacrylate adhesive. A mes- 
enteric vein in the distal ileum was then cannulated using 
a 30-gauge needle connected via a 25-cm segment of 
polyethylene tubing (PE-10) to a syringe containing C-14 
para~aminohippurate (C-14 PAH, Dupont, New England 
Nuclear, Wilmington, DE). This nonmetabolizable in- 
dicator dye was used to measure intestinal blood flow. 
The indicator dye was infused at a rate of 0.039 cc/minute 
(2.34 cc/hour) using a Braintree Scientific BS99 (Braintree, 
MA) constant infusion pump with an infusate concen- 
tration of 1 to 2 wCi of C-14 PAH in 3 cc of 0.9% saline. 
After a 30-minute infusion period (required to reach 
steady state), simultaneous samples of 0.6 cc of blood 
were drawn from the carotid artery and from the portal 
vein. These samples were immediately processed for de- 
termination of the number of radioactive counts in the 
blood and for determination of whole blood glutamine 
and glutamate (see below). The jejunum was then re- 
moved and processed for determination of phosphate-de- 
pendent glutaminase activity (see below). The animals 
were killed and an autopsy was done to verify catheter 
position. 


Processing of Samples 


The blood samples were deproteinated with an equal 
volume of 10% perchloric acid. The blood/perchloric acid 
mixture was vortexed and ultracentrifuged at 3000 rpm 
for 10 minutes. This allowed for determination of whole 
blood C-14 radioactive measurements and thus calcula- 
tion of whole blood rather then plasma flow. One hundred 
microliters of the supernatant was withdrawn and placed 
in 10 cc of Aquasol liquid scintillation solution (Dupont, 
Boston, MA). Also 50 uL of infusate was placed in 10 cc 
of Aquasol (100 uL of the supernatant is equivalent to 50 
uL of infusate because the blood samples were deprotein- 
ated with an equal volume of perchloric acid). The C-14 
activity in these samples was measured using a Beckman 
LS9800 Series Scintillation Counter (Beckman Industries, 
Fullerton, CA). The remainder of the supernatant was 
then mixed with an equal volume of 0.52 mol/L KPO; 
to obtain a final pH of 6.8. This solution was stored at 
—20 C. Whole blood glutamine and glutamate were dz- 
termined using a microfluorometric assay similar to that 
described by Bergmeyer’’ using a Filter Fluorometer 
(Turner Model 112, Sequoia-Turner Corp., Mountain 
View, CA). Concentrations were expressed in moles per 
liter. 
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The mucosa from a 20-cm segment of proximal je- 
junum was immediately scraped and homogenized in 50 
mmol/L sodium phosphate containing 300 mmol/L su- 
crose. Phosphate-dependent glutaminase activity was de- 
termined immediately by the method described by 
Pinkus.'* Protein was determined by the Lowry method." 

Culture plates were inspected in 72 hours for the pres- 
ence of growth, and the colonies present were gram stained 
and examined under the light microscope. 


Calculation of Intestinal Blood Flow 


The dye dilution method of calculating intestinal blood 
flow has been described previously by Katz and Berg- 


‘men.!© The concentration and infusion rate of C-14 PAH 


used in this study is similar to that used by others.!” In- 
testinal blood flow was calculated by using the following 
formula: ` 


Blood flow (cc/100 g BW/minute) 


_ CPM infusate X 0.039 cc/minute T 100 
CPMpy — CPMan BW 


where CPM is the number of radioactive counts per min- 
ute, 0.039 cc/minute is the rate of infusion of the PAH 
solution, CPM,» is the counts per minute in the portal 
vein, CPM,,, 1s the counts per minute in the carotid artery, 
and BW is the body weight of the rat. 


Calculations/Statistical Analysis 


Glutamine and glutamate flux were calculated by mul- 
tiplying the arterial-portal venous concentration difference 
by intestinal blood flow. The per cent fractional extraction 
of glutamine by the gut was calculated in the same manner 
as described in the section under human studies [(A-PV)/ 
A]. The per cent fractional release of glutamate taken was 
the absolute value of [(A-PV)/A]. All arteriovenous con- 
centration differences were tested for significance from 
zero. A negative A-V difference is consistent with net re- 
lease, while a positive A-V difference indicates net uptake. 
Flux was expressed in nmol/100 g BW/minute. Data 


TABLE 1. Gui Glutamine (GLN) and Oxygen Extraction in Control 
and Septic Patients 


Art Art-PV 
GLN GLN Gut GLN Gut Oxygen 
(umol/L) (umol/L) Extraction % Extraction % 
Control 
(n=7) 611 + 26 72 + Bt 12:6. 1,6 11.2 + 1.0 
Septic 
(n=6) 641+ 54 Sor 2.8 + 0.87 6.2.4 1.4* 


Data = mean + SEM. 
* p < 0.05 vs. control. 
fp < 0.01 vs. control. 
£ Significantly different from zero. 
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TABLE 2. Gut Glutamate Metabolism in Control and Septic Patients 


Art Glutamate A-PV Gut Glutamate 
{umol/L) (umol/L) Fractional Release (%) 
Control 
(n = 7) 134 + 12 -16 £8 -13.8 + 6.9 
Septic 
(n = 6) 192+ 8* -2 £4 -1.3 £2.5 


Data = mean + SEM, 
* p < 0.01 vs. controls. 
~ Indicates release. 


analysis was done with Student’s unpaired t test using a 
Macintosh Plus Computer and Statview 512 software 
(Apple Computers, Inc., Cupertino, CA). The Fischer- 
exact test was used to compare culture data between the 
two groups of animals. A p value of less than 0.05 was 
considered significant. 


Results 
Human Studies 


There was no difference in the arterial glutamine con- 
centration between healthy and septic patients (Table 1). 
On the other hand, the arterial-portal venous concentra- 
tion difference for glutamine fell by 75% in the infected 
patients. This translated into a similar fall in gut glutamine 
extraction (12% vs. 2.8%, p < 0.01). Gut oxygen extraction 
(Table 1) by the gastrointestinal tract fell by 45% in the 
septic patients (p < 0.05). 

Arterial glutamate was significantly increased in the 
septic patients (p < 0.01), while the fractional release of 
glutamate by the gut (Table 2) was diminished. This fall 
in gut glutamate release is consistent with the marked fall 
in glutamine uptake by the gut in the septic group. 


Animal Studies 


Portal blood flow was diminished by 25% in the en- 
dotoxin-treated rats, but this reduction in flow did not 
reach statistical significance (p < 0.10, Table 3). The ar- 
terial glutamine concentration was increased by 13% in 
the endotoxin group (p < 0.05). Despite the increase in 
blood level, the arterial-portal venous concentration dif- 
ference for glutamine fell by nearly one third in the en- 
dotoxin-treated animals (p < 0.05). This translated into 
a 37% reduction in gut glutamine extraction and a fall in 
gut glutamine uptake by nearly one half (526 nmol/100 
m BW/muinute vs. 282, p < 0.01, Table 3). Simultaneously, 
the activity of the glutaminase enzyme in the jejunal mu- 
cosa was diminished by 30% (p < 0.01). 

There was no difference in arterial glutamate between 
the two groups of rats studied; similar to the data in pa- 
tients, however, there was a trend toward a fall in the 
fractional output of glutamate by the gut (Table 4). The 
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TABLE 3. Gut Glutamine (GLN) Metabolism in Control and Endotoxin-treated Rats 


Art GLN Blood Flow ` 

(nmol/L) (cc/100 g/min) 
Control (n = 20) 747 + 22 3.79 + 0.54 
Endotoxin {n = 24) 847 + 36* 2.81 + 0.51 


Data = mean + SEM. 
* p < 0.05, tp < 0.01. 
+ Significantly different from zero. 


net release of glutamate by the intestinal tract was signif- 
icantly reduced in the endotoxin-treated rats (37 nmol/ 
100 g BW/minute vs. 110, p < 0.05). 

These alterations in gut glutamine and glutamate me- 
tabolism were associated with the development of gram- 
negative bacteremia in 25% of the endotoxin-treated ro- 
dents. None of the control rats (0 of 20 rats) had positive 
blood cultures, while 6 of 24 of the animals that received 
endotoxin developed positive blood cultures (p = 0.019). 
In all cases the micro-organisms grown from the blood 
were gram-negative rods. 


Discussion 


The effect of severe infection on gut glutamine use was 
studied to gain further insight into the altered intestinal 
glutamine metabolism that characterizes critical illness. 
In addition to investigating surgical patients with gross 
evidence of sepsis, we studied rats treated with Æ. coli 
lipopolysaccharide because a single dose of endotoxin has 
been shown to evoke many of the metabolic and physi- 
ologic responses that characterize severe bacterial infec- 
tion.'® Glutamine is the principal fuel used by the gas- 
trointestinal tract, and the small intestine is the principal 
organ of glutamine consumption.” Uptake of circulating 
glutamine by the gut occurs almost exclusively in the mu- 
cosal cells where the content of the enzyme glutaminase 
is very high.” Glutaminase is bound to the inner mito- 
chondrial membrane and catalyzes the hydrolysis of glu- 
tamine to glutamate and ammonia, both of which are 
released into the portal circulation.4 The activity of this 


TABLE 4. Gut Glutamate (GLUT) Metabolism in Control and 
Endotoxin-treated Rats 





Art A-PV 
GLUT GLUT % Fractional Gut GLUT 
(umol/L) (umol/L) Release Releaset 
Control 
(n = 20) 189+ 10 -28 + 8t I5+4 ~110 + 26 
Endotoxin 
(n = 24) 178+ 8 -1247 T4 -37 + 20* 





* p < 0.05 vs. control. 

t Significantly different from zero. 
{ nmol/100 g BW/minute. 

— Indicates release. 


A-PV Gut GLN Gut GLN Gut 
(umol/L) Extraction (%) Uptake§ GLNase!! 
147 + 234 18.6 + 2.3 526 + 82 4.71 + 0.22 
102 + 16*f 11.8 + 1.8} 282 + 45t 3.33 + 0,224 
§ nmol/ 100 g BW/minute. 


i umol/mg protein/hour. 


key enzyme is a marker of gut glutamine use as evidenced 
by its tendency to fall in the current study and during 
starvation when gut glutamine use is diminished!®° and 
by its increase with glutamine feeding,*!** treatment with 
glucocorticoids,” or during the development of postre- 
sectional hyperplasia after massive small bowel resection.”* 
In this study gut glutamine extraction was approxi- 
mately 20% in control rats, a value similar to that de- 
scribed by Windmueller.'° In seven control patients stud- 
ied intraoperatively, gut glutamine extraction was 12%. 
Studies in dogs have demonstrated that the canine gas- 
trointestinal tract extracts approximately 6% to 7% of cir- 
culating glutamine.’ Functionally glutamine metabolism 
by the intestinal tract provides a major energy source for 
the mucosal cells and provides nitrogen and carbon pre- 
cursors to the liver, which supports ureagenesis and glu- 
coneogenesis. Although a positive arterial-portal venous 
concentration difference implies consumption of a sub- 
strate, it is important to realize that an organ may take 
up a substance and simultaneously release it from an ex- 
isting intracellular pool or via de novo synthesis. However, 
in the case of glutamine, an intracellular pool of this amino 
acid in the gut is small due to the high activity of gluta- 
minase, and the pathways for synthesis relative to deg- 
radation are minor.’ Therefore the uptake of glutamine 
by the intestine approaches the actual rate of use. 
Essential to the flux measurements done in the rat 
studies was the accurate quantification of intestinal blood 
flow. An indicator dilution method was chosen to measure 
blood flow because insertion of intravascular sampling 
catheters was required to measure substrate concentra- 
tions. Therefore these catheters could be used simulta- 
neously to measure the indicator. This approach elimi- 
nated the need to implant multiple flow probes. After a 
30-minute infusion of C-14 PAH, a steady state-was ob- 
tained as evidenced by a nearly constant (+10%) concen- 
tration of PAH in multiple sets of arterial blood samples 
(data not shown here). Under. these circumstances the rate 
of PAH infusion is equal to the rate of PAH excretion by 
the kidney and steady state conditions exist. The 0.6-cc 
sample of arterial and portal venous blood was drawn 
slowly during a 1-minute period, a rate of withdrawal that 
is less than 8% of the flow of blood through the portal 
vein. Such sampling rates minimize disturbance of re- 
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gional hemodynamics. Intestinal blood flow in control 
animals averaged 3.8 cc/100 g BW/minute, a value similar 
to that reported by others.'” In the endotoxin-treated rats 
intestinal blood flow was reduced, but not significantly, 
consistent with the observations of Jepson et al.” Gut 
glutamine extraction was reduced by more than one third, 
resulting in nearly a 50% reduction in intestinal uptake 
of this key fuel. Simultaneously the activity of the gluta- 
minase enzyme was reduced by 30% and the release of 
glutamate by the gut fell by two thirds. The effects of this 
diminished gut output of glutamate on hepatic metabo- 
lism is unclear, but may have adverse effects because the 
liver extracts large amounts of glutamate during stress? 
and glutamate plays the central role in oxidative deami- 
nation.” These alterations in intestinal glutamine metab- 
olism were associated with a 25% incidence of bacterial 
translocation. In septic patients gut glutamine extraction 
was diminished by 75%, gut glutamate release fell, and 
gut oxygen extraction was reduced by nearly 50%. 

This study suggests that the gastrointestinal response 
to severe infection 1s clearly different from the response 
to surgical stress. Unlike surgical stress in which intestinal 
glutamine consumption is increased despite a fall in the 
circulating glutamine concentration,’ sepsis is character- 
ized by a marked reduction in gut glutamine use despite 
a normal or increased arterial glutamine level. The im- 
paired intracellular metabolism of this important fuel is 
probably associated with an impaired transport of gluta- 
mine across the basolateral membrane of the enterocyte. 
The increase in circulating glutamine in the endotoxin- 
treated rats appears to be dose and time related (Souba 
et al., unpublished data). Additional studies from our lab- 
oratory have demonstrated that the diminished uptake of 
glutamine by the gut occurs at a time when skeletal muscle 
glutamine efflux is augmented (Austgen TR and Souba 
-= WW, unpublished data). Despite a rise in blood glutamine 
in the endotoxin-treated animals, which results from both 
diminished intestinal use and an accelerated muscle re- 
lease, the increase in the circulating concentration is small, 
suggesting enhanced uptake by another organ(s). 

The concept that severe infection may alter intestinal 
permeability facilitating the translocation of luminal bac- 
teria was first proposed three decades ago.”’ Since then 
our knowledge of endotoxin-induced alterations of the 
gut mucosal barrier has increased substantially. Using a 
freeze-fracture technique, Walker*® examined the most 
apical tight junctions between intestinal epithelial cells 
after endotoxin administration and demonstrated that 
these junctional complexes were disrupted. Such a dis- 
ruption may provide a channel or route for microbial 
agents in the lumen to enter the systemic circulation. This 
hypothesis was supported by the studies of Deitch and 
colleagues”? who demonstrated that administration ofen- 
dotoxin to rats is associated with increased bacterial 
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translocation across the gut. Others have used standard 
permeability markers to study the gut mucosal barrier 
and have demonstrated that a single dose of endotoxin 
increases intestinal permeability in healthy humans.*° All 
of these studies are consistent with the hypothesis that 
during critical illness prolonged or repeated exposure to 
systemic endotoxins may significantly compromise the 
integrity of the gastrointestinal mucosal barrier. In this 
study we demonstrated that the endotoxin-induced trans- 


Jocation of luminal bacteria is associated with impaired 


use of glutamine by the gastrointestinal tract. Thus the 
inability of the mucosal cells to extract adequate amounts 
of glutamine from the bloodstream during severe infection 
may impair mucosal metabolism of this key fuel and alter 
gut structure and function. The altered gut structure and 
function may increase mucosal permeability, perpetuate 
the translocation of bacteria and their toxins, and lead to 
a chronic catabolic state. 

Several studies have demonstrated that glutamine may 
play an important role in the maintenance of intestinal 
metabolism, structure, and function. Glutamine-enriched 
diets diminish the bowel injury and bacterial translocation 
associated with chemotherapy’! and whole-abdominal 
radiation.*”? Salloum and colleagues** used brush-border 
membrane vesicles to study the effects of oral glutamine 
on intestinal glutamine transport. They demonstrated a 
75% increase in glutamine uptake by the brush border 
when glutamine was provided in the diet. Additional 
studies using glutamine-enriched total parenteral nutrition 
have demonstrated the ability of glutamine-enriched so- 
lutions to increase villous height,” increase gut nitrogen 
content,* and virtually eliminate the incidence of bacterial 
translocation that is associated with administration of 
standard glutamine-free intravenous nutrition.?’ Gluta- 
mine-enriched intravenous feedings also stimulate the 
uptake of glutamine by the gastrointestinal tract and an 
associated increase in the activity of mitochondrial glu- 
taminase.”* 

The gut has long been thought to be quiescent or in- 
active during critical illness because food intake is often 
interrupted and nasogastric decompression is frequently 
necessary. Furthermore the relative inaccessibility of the 
portal vein has made it difficult to study gut nutrition and 
metabolism. Earlier studies in which arterial and hepatic 
venous blood was sampled provided information about 
the splanchnic bed as a unit but did not partition the 
individual contributions of the gut and liver. It was as- 
sumed that most, if not all, of the metabolic activity de- 
scribed took place in the liver and few metabolic events 
were attributed to the gastrointestinal tract. It is clear from 
this study, as well as from information provided by other 
investigators, that the gut plays an important metabolic 
role during critical illness. The alterations in intestinal 
glutamine metabolism that occur during sepsis and en- 
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dotoxemia may be etiologic in the breakdown of the gut 
mucosa barrier and the development of bacterial trans- 
location. Studies that examine the impact of glutamine 
nutrition on these metabolic abnormalities are in progress. 
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I would like to focus my comments and questions on the human part 
of the study and the finding that glutamine extraction is apparently de- 
creased and the equation that this somehow indicates that there is a 
decrease in gut metabolism and breakdown of the enteral barrier. 

When one is dealing with A-V differences, especially artery portal vein 
differences in the portal circulation, there are some differences between 
arteriovenous differences in the leg, for example and in the portal cir- 
culation, particularly when one deals with arterialization of the portal 
vein, especially in sick patients and in patients with hepatic impairment, 
as some of the septic patients presented had. 
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It is also interesting that in this manuscript, which I had the privilege 
to read, and in the data that arterial glutamine is a little higher and the 
differences, even in the control patients, amount to between 10% and 
12% of the extraction of glutamine. 

Now, for example, if the gut were to extract glutamine and if after the 
gut extracted the glutamine there was sufficient arterialization of the 
portal vein flow, you would get continued real extraction of glutamine, 
but you would get a very diminished apparent extraction of glutamine 
by the gut because you then add the higher concentration to the postgut 
portal blood. 

One way of trying to estimate this phenomenon is to look at the oxygen 
extraction, It is interesting to me that the oxygen extraction is very low, 
suggesting that perhaps you are adding oxygen in the postgut portal blood, 
which then falsely elevates the portal vein oxygen, whereas, in fact, the 
gut may go on and really extract glutamine. 

The reason I ask this question is because one of our residents, Daniel 
Van Allman, who has been working in my laboratory for the past 2 
years, has tried to attack the issue of what happens in the gut directly 
by measuring gut mucosal protein synthesis, and much to his surprise 
and actually to mine, after the induction of sepsis by cecal ligation and 
puncture, gut mucosal protein synthesis is increased rather than decreased, 
as we expected to find. Thus I have two questions: 

First, is there any way to eliminate the error of arterialization? Is there 
any way to correct for it in rats with chronic preparations, not with acute 
preparation, or in the humans? 

What percentage of portal vein blood arterialization actually occurs? 

And, as a corollary, is there any liver impairment in these patients at 
which you could arrive? 

This paper is quite important. These issues concerning the gut are 
really coming to the fore in our treatment of sick patients, and I really 
appreciate the opportunity to discuss it. 


Dr. EDWIN A. DEITCH (Shreveport, Louisiana): I would like to begin 
by complimenting both Dr. Copeland Dr. Souba on an excellent pre- 
sentation and thank them for the opportunity to review their manuscript. 

It is now recognized that the function of the gut extends beyond diges- 
tion and nutrient absorbtion. The gut also has metabolic, immunologic, 
and barrier functions. Support for the clinical signficance of gut barrier 
failure leading to bacterial translocation and systemic infection is based 
on three major lines of evidence: first, the laboratory and clinical studies 
of Fine and colleagues, who demonstrated as association between trauma 
or systemic disease and endotoxemia 30 years ago; second, the results 
of epidemiologic studies documenting that under certain clinical cir- 
cumstances the stool was the reservoir for bacteria causing systemic in- 
fections; and third, the results of animal studies documenting the phe- 
nomenon of bacterial translocation from the gut to systemic organs. 

The work presented today extends our knowledge in this field, The 
authors have documented a distinct association between sepsis and the 
development of impaired intestinal metabolism characterized as a de- 
crease in intestinal glutamine and oxygen extration. To me the most 
fascinating finding of this study was that sepsis or endotoxin interferes 
with intestinal glutamine metabolism; therefore I will limit my questions 
to this association. The three questions I have for the authors relate to 


how this association between gut barrier failure and sepsis or endotoxemia - 


should be interpreted. 
First, do you believe that the relationship between sepsis and endo- 
‘toxemia and abnormal intestinal metabolism is causal? That is, does 
altered glutamine metabolsim induce or contribute to the infectious pro- 
cess by altering intestinal barrier function, or is impaired intestinal glu- 
tamine metabolism just one more example of sepsis-mediated end organ 
injury? I realize this is a difficult question to answer, but I would like to 
hear the author’s speculation on this point, as well as hear about their 
future plans for resolving this question. 

Second, in our studies, in similar animal models, we have found ev- 
idence of histologic damage to gut mucosa. Thus the question that comes 
to my mind is have the authors examined the intestines of their animals 
to see if the mucosa is damaged, because their findings may be a reflection 
of intestinal damage. If the mucosal cells are injured, then it would not 
be surprising if their metabolic function is altered and consequently one 
might expect to see a change in metabolsim both at the level of substrate 
use as well as in enzyme activity. 


SOUBA AND OTHERS 


Ann. Surg. + May 1990 


My third question concerns the relationship between decreased glu- 
taminase activity and decreased glutamine extraction. Which do you 
think comes first, and what are the mechanisms? Do you think that 
glutamine extraction is decreased because glutaminase activity is de- 
creased, or do you think that the decrease in glutamine extraction occurs 
first and subsequently gluaminase activity is altered? 

This is an excellent piece of work that takes a major step in putting 
the relationship between infection or endotoxemia and intestinal me- 
tabolism into perspective. I would like to thank the Association for the 
privilege of discussing the paper and again thank the authors for adding 
some information that will aid us in further studying the intestinal tract 
and its relationship to sepsis. 


Dr. JAMES C. THOMPSON (Galveston, Texas): I was interested in this 
paper by Dr. Souba and Dr. Copeland. 

The final statement in the abstract says that sepsis and endotoxemia 
impair gut metabolism of glutamine, which may be etiologic in the 
breakdown of mucosal barrier in development of translocation. This 
suggests a mechanistic relationship between the impairment of glutamine 
uptake and subsequent events, and | wonder, is there evidence for that? 
That is, it seems to me that what we are doing is studying a sick bowel, 
and we are saying that it doesn’t take up glutamine very well, and that 
it also leads to the death of the patient. I wonder, is there any relationship 
between the two events? Or are they both simply manifestations of a 
general allegemeine fall-apart syndrome? 


DR. WILLIAM S. BLAKEMORE (Birmingham, Alabama): I rise to con- 
gratulate Dr. Souba. We have been following his work as well as that of 
the Cincinnati and Montreal groups and Dr. Dietch’s work from Loui- 
siana State University and J wish to ask two or three questions related 
to it. 

Have you any information on how enteral versus parenteral feeding 
would affect these findings? 

Does the mechanism of mucosal damage and protection apply to other 
injuries such as chemotherapy and radiation therapy damage to the gut? 
How would your findings alter them? 

Is there a species difference? The Cincinnati group, at least with Dr. 
Wesley Alexander’s group, used the guinea pig. Have you seen any species 
differences among the rat and the guinea pig, primates, and humans? 

Dr. Calvin Long in our group and I consider Dr. Souba’s results to 
be a very basic contribution with significant potential for future appli- 
cations in clinical care. 


Dr. WILEY W. Sousa (Closing discussion): First, I would like to thank 
the Southern Surgical Association for the opportunity to discuss this 
paper and make some closing comments. 

I will start by answering the question posed by Dr. Dietch and by Dr. 
Thompson regarding the relationship between the impaired gut metab- 
olism and the apparent breakdown in the gut mucosal barrier. This must 
be viewed as merely an association without any kind of cause or effect 
implied. An association between an impairment in mucosal glutamine 
metabolism and changes in gut function and structure have been described 
in other models of bowel injury. Although glutamine-enriched diets can 
‘rescue’ the injured bowel under certain circumstances, these studies 
have been done only in rats. Of interest is that the improvements in gut 
structure and function are associated with an increase in gut gluta- 
mine use. 

Regarding Dr. Dietch’s second question, there is no evidence of his- 
tologic damage to the bowel in endotoxin-treated rats. There is work by 
others who have performed careful electron microscopic studies and 
have shown that endotoxin causes a breakdown in the tight junctions of 
the apical-most cells of the villi. Therefore this sort of ultrastructural 
damage may occur in certain patients who are septic. 

There appears to be a relationship between the activity of the gluta- 
minase enzyme and extraction of glutamine by the bowel. Feeding an 
animal glutamine increases gut-glutamine extraction and gut glutaminase 
activity, while starvation is associated with a decrease in extraction and 
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a decrease in glutaminase. We think that the regulation of the synthesis 
of the glutaminase protein and the membrane transport protein is, at 
least in part, under different control. 

Regarding Dr. Blakemore’s question, our studies have focused pri- 
marily on the provision of enteral diets that are glutamine enriched. We 
have demonstrated that glutamine-supplemented oral diets can accelerate 
recovery after whole-abdominal radiation in the rat. Dr. Rombeau and 
his group at the University of Pennsylvania also have demonstrated that 
glutamine-enriched enteral diets can improve outcome and recovery after 
administration of methotrexate to rats. Studies that examine the effects 
of glutamine-enriched total parenteral nutrition in these models are un- 
derway. 

There does appear to be a species difference with regard to gut glutamine 
metabolism. The rat gui extracts more glutamine than the human gut 
and the human gut appears to extract mare glutamine than the canine 
gut. However, in all three species, glutamine is probably an important 
fuel for the gut mucosa and the lack of adequate glutamine for the gut 
may be detrimental. 

Dr. Fischer’s question about the possibility of arterial venous shunting 
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and resultant arterialization of portal blood is very important because 
the data on oxygen extraction suggest that this may be taking place to a 
certain extent. If the abnormalities described in this study were secondary 
to inadequate delivery of glutamine to the basolateral membrane of the 
enterocyte, then provision of exogenous glutamine might be beneficial. 
Such nutritional therapy might correct the flow alterations or increase 
the delivery of circulating glutamine to the gut mucosa. Although A-V 
shunting may occur, preliminary data in our laboratory suggest that 
endotoxin also decreases the synthesis of the membrane transporter that 
is responsible for glutamine transport. That would also help explain a 
decreased uptake of glutamine by the gut during sepsis and endotoxemia. 

Finally, although gut glutamine use is increased after surgical stress, 
an event that appears to be mediated by the glucocorticoid hormones, 
the present study demonstrates that gut glutamine use is reduced during 
sepsis and endotoxemia. One question that has been raised is where is 
all the glutamine going during sepsis because it has been well established 
that muscle glutamine release is augmented during this kind of critical 
illness. Preliminary work in our laboratory suggests that the liver becomes 
the major organ of glutamine consumption during endotoxemia. 
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Melanoma is often diagnosed in young adults, a significant pro- 
portion of whom are women of child-bearing age. The prognosis 
of women diagnosed with melanoma during a pregnancy continues 
to be debated. One hundred patients, ages 19 to 40 years, have 
been identified who were pregnant at the time of diagnosis of 
their melanoma. All were treated with local excision. Sixteen 
per cent underwent elective lymph node dissections. Immuno- 
therapy was administered to 83% of patients. Mean follow-up 
was 6.8 years from the date of diagnosis. The patients were 
compared to an age-matched group of 86 women who were not 
pregnant at the time of diagnosis. Overall mortality during the 
follow-up period was 25% in the pregnant group and 23% in the 
control group. Among the pregnant group, there was an increased 
incidence of lymph node metastases during the follow-up period 
(39% versus 26%, p = 0.053). Among stage I patients, there was 
a significantly shorter DFI for the pregnant group (p = 0.039), 
with 50% of pregnant patients and 67% of control patients free 
of disease at 10 years. Similarly, among stage 1 patients, the 
time to development of lymph node metastases was shorter in 
the pregnant group (p = 0.021). Multivariate analysis demon- 
strated that pregnancy at diagnosis was significantly associated 
with the development of metastatic disease (p = 0.008), when 
controlling for tumor site, thickness, and Clark level. Patients 
who developed melanoma during pregnancy did not, however, 
have a significant decrease in survival. 


10 patients diagnosed with melanoma during preg- 

nancy. Since that time there have been many reports 
of the effects of pregnancy on the prognosis of melanoma. 
Shiu? reported decreased survival associated with preg- 
nancy among patients with stage 2 melanoma. Sutherland? 
discussed the interaction of female hormones and mela- 
noma and reported 67% mortality of 15 patients with 


I N 1951, PACK! reported the unfavorable outcome of 
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stage | disease and of 3 patients with stage 2 disease. 
Reintgen et al.* reported that patients diagnosed during 
pregnancy had a significantly decreased disease-free in- 
terval (DFI) compared to the controls. 

Others have failed to show a prognostic effect or asso- 
ciation with pregnancy. Haughton et al.° showed no effect 
on survival when stage of disease and primary site were 
controlled. Ten of eleven recent studies on this subject 
failed to show a survival difference in pregnant patients 
compared to controls.° 

A recent series was reported by Trapeznikov,’ in which 
102 cases of melanoma arising during pregnancy were 
compared to 599 nonpregnant women of child-bearing 
age. There was a significantly lower 10-year survival rate 
in the pregnant patients. 

Despite disparate experiences with melanoma arising 
during pregnancy, however, there is general agreement 
that the development of melanoma subsequent to a com- 
2-4,8-10 

The purpose of the present study is to update our in- 
stitution’s experience with melanoma arising during 
pregnancy and to characterize further the distinguishing 
features of these patients. Five years have elapsed since 
the previous report on 58 patients. This interval has been 
associated with an increase in the number of patients 
available for study and in the length of follow-up. Specific 
goals of the study are to determine whether the previously 
reported difference in DFI has persisted and whether 
longer follow-up will show a similar difference in survival 
rates. Differences in the presentation and clinical course 
are also evaluated to understand better the characteristics 
of this group of patients. 
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Materials and Methods 


More than 7000 patients with melanoma have been 
evaluated in the Melanoma Clinic at one institution. 
Within this group, a subset-of 100 patients have been 
identified as being pregnant at the time of diagnosis of 
their melanoma. These patients ranged in age from 19 to 
40 years. A matched group of female patients aged 19 to 
40 who were not pregnant at the time of diagnosis were 
selected. This control group contained 86 patients. 

The clinical characteristics of these two groups are listed 
in Table 1. Mean follow-up has been 6 years since diag- 
nosis. Almost 30 patients have been followed for more 
than 10 years. 

All the patients were white women. The mean age at 
primary diagnosis was 29.3 years for the pregnant group 
and 29.5 years for the age-matched controls. The most 
frequent primary site was on an extremity. 

The clinical and histologic parameters for the two 
groups were compared with chi-squared statistics and were 
comparable. The variables that differed significantly be- 
tween the two groups were site of the primary tumor (p 


_= 0.016) and age (p = 0.002). Despite similar age ranges 


TABLE 1. Population Characteristics: All Stages 


Characteristic Pregnant Not Pregnant 
n 100 86 
Age (mean years) 29.3 29.5 
Range 19-40 19-40 
Stage at diagnosis (%) . 
l 88 92 
2 10 6 
3 . 2 ay 
Primary site (%) 
Trunk 40 52 
Extremity 50 30 
Head and neck 6 13 
Other/unknown 4 | 5 
Histology (%) 
LMM 0 p 
SSM 69 63 
Nod 18 23 
Other/unknown 13 12 
Clark level (%) 
I 2 1 
II 9 10 
II 49 50 
IV 26 27 
V 7 4 
Unk/does not apply 7 8 
Thickness (mm) 
Mean 2.17 1.52 
Range (0.26-16.8) (0.39-5.40) 
Median 1.40 1.20 
Ulceration 
No 67 (74%) 50 (75%) 
Yes 24 (26%) 17 (25%) 
Unk 9 19 


Ext, extremity; LMM, lentigo maligna melanoma; SSM, superficial 
spreading melanoma; Nod, nodular melenoma; Unk, unknown. 
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and’ means, there were differences in the distribution of- 
ages within those ranges. The percentage of patients within 


each of three age ranges (19 to 25 years, 26 to 30 years. 


and 31 to 40 years) were 20%, 40%, and 40%, respectively. 
for the patients diagnosed during pregnancy and 33%. 
16%, and 51%, respectively, for the patients not diagnosed 
during pregnancy. 


Pathologic Review 


A detailed pathologic study of the primary lesions was 


- performed of the central cross-section cut along with step 


sections from each lesion. The review included histologic . 
type, Clark level, Breslow thickness, the presence or ab- 
sence of vascular and/or lymphatic invasion, ulceration, 
regression, mitotic rate, pigmentation, satellite lesions, 
peritumoral inflammation, and evidence of intradermal 
nevus. 

Approximately one half were Clark level II, and one 
quarter were level IV. There was no significant difference 
(by chi-square analysis) in the distribution of values for 
the variables of ulceration (p = 0.88) or Clark level (p 
= 0.724). Tumor thickness was slightly greater for the 
pregnant patients by unpaired two-tailed t test (p = 0.052). 
One coauthor (RTV) reviewed all sections of the primary 
melanomas. - 


Statistical Evaluation 


The total group of patients was first subdivided into 
the pregnant versus nonpregnant groups, and then divided 
again into three groups based on stage at the time of di- 
agnosis. Further stratifications were performed, control- 
ling for pathologic variables, in an attempt to identify 
those that influenced prognosis. Actuarial disease-free in- 
terval and survival curves were constructed for all 
subgroups using the Kaplan-Meier method.'! A Cox- 
Mantel rank test!” was used to test statistical significance, 
with a p value less than 0.05 considered significant. 
Thickness of the primary melanoma was used as a con- 
tinuous variable in the multivariate analysis for the end- 
point of disease-free interval and as a noncontinuous 
variable (less than 1.5 mm, 1.5 to 4.0 mm, and more than 
4.0 mm) for the endpoint of survival. The p values re- 
ported refer to differences between survival distributions 
and do not refer simply to differences in median survival. 
Other stratifications were compared by chi-squared anal- 
ysis when appropriate. All survival data are measured from 
the date of the histologic diagnosis of melanoma. 

A multivariate analysis was performed on the total 
population and on selected subsets by using a Cox si- 
multaneous proportional hazard model, with sequential 
elimination of variables lacking significance in the mul- 
tivariate system. 
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Surgical Management 


The primary lesions were excised with margins of at 
least 2 cm when anatomically possible. Among the pa- 
tients with stage | disease at diagnosis, the initial surgical 
procedure performed for the two patient groups differed 
slightly. In the control group, wide local excision (WLE) 
was performed as the first surgical procedure in 82% and 
as the second procedure in 3%. The remaining patients 
underwent total excision. The pregnant group underwent 
WLE as the first procedure in 51% and as the second 
procedure in 30%, with total excision in 19%. In both 
groups, WLE was accomplished in 80% to 85% of cases, 
with the remainder managed with total excision. 

Elective lymph. node dissections (ELND) were per- 
formed for intermediate thickness lesions with principal 
lymphatic drainage to a single nodal basin. Therapeutic 
lymph node dissections were performed if regional nodes 
_, become palpable and if fine-needle aspiration cytology 
: . verified the presence of metastatic disease in the nodes. 
A total of 15 ELND were performed in the control group 
(17%) and 16 ELND.-in the pregnant group (16%). Eigh- 
teen therapeutic lymph node diessections (TLND) were 
performed in the control group (21%) and 23 TLND in 
the pregnant group (23%). 


Specific Active Immunotherapy 


Specific active immunotherapy is the subcutaneous in- 
jection of 2.5 X 10’ irradiated allogeneic cultured mela- 
noma cells, with Bacillus Calmette-Guérin (BCG) as an 


adjuvant.'? The initial course is four monthly injections 


for stage | patients and seven monthly injections for pa- 


tients with metastatic disease. Additional courses are re- 
peated after each episode of recurrent disease whenever 
the recurrence can be surgically excised. 

This adjuvant therapy was offered to each stage 1 patient 
whose primary melanoma had a Clark level of III or more 
and a Breslow thickness of 0.8 mm or more. It was also 
offered to patients with stage 2 disease, in addition to sur- 
gical resection of metastases. In the pregnant and control 
groups, 83% and 85% of the patients, respectively, were 
treated with specific active immunotherapy at some time 
during their course. In the remaining patients immuno- 
therapy was not administered, because of either minimal 
disease or the presence of gross metastatic disease at di- 
agnosis. 


Chemotherapy 


Patients with unresectable disease were principally 
treated with BOLD, a four-drug chemotherapeutic pro- 
tocol including bleomycin, vincristine, (Oncovin) lomus- 
tine (CCNU), and dacarbazine (DTIC)."4 
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Patient Population 


The age and clinical characteristics of the study group 
and of the control group are listed in Table 1. 

A subset of the patients had stage 2 or 3 disease at the 
time of initial presentation. Excluding them from consid- 
eration, the interval from diagnosis to metastatic or re- 
current disease was evaluated. The age and clinical char- 
acteristics of the patients presenting with stage 1 disease 
are listed in Table 2. The clinical course and the sites of 
first metastasis are listed in Table 3. Among the pregnant 
group, there was an increased incidence of nodal metas- 
tases during the follow-up period (39% versus 26%, chi- 
square = 3.777, p = 0.053) and as a first metastasis (71% 
versus 61% of patients who develop metastatic disease). 

The overall mortality rate during the follow-up period 
was 25% in the pregnant. group and 23% in the control 
group. The overall recurrence rates were 48% and 38%, 
respectively (chi-square = 1.74, p = 0.27). 


Univariate Analysis of Prognostic Variables Associated 
with Mortality and Progression of Disease 
Clinical Variables 


Pregnancy. The interval to the first metastasis or re- 
currence (DFI), the interval to the first nodal metastasis, 
and the interval to the first distant metastasis were com- 
pared for 88 patients who were pregnant at diagnosis of 


TABLE 2. Population Characteristics: Stage 1 Patients 


Characteristic Pregnant Not Pregnant 
n 88 79 
Age (mean years) 28.9 29.6 
Range 19-40 19-40 
Primary site (%) = 
Trunk 40) 31 
Extremity 52 33 
Head and neck 7 13 
Other/unknown i 4 
Clark level 
I 2 l 
H 10 10 
HI 55 53 
IV 25 29 
V 2 4 
Unk/does not apply 6 6 
Thickness mean (mm) 1.87 1.45 
Range (0.26-16.8) (0.39-5.00) 
Median 1.30 1.20 
Ulceration j 
No 61 (75%) 47 (76%) 
Yes 20 (25%) 15 (24%) 
Unk 7 3 


Ext, extremity; LMM, lentigo maligna melanoma; SSM, superficial 
spreading melanoma; Nod, nodular melanoma; Unk, unknown. 
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TABLE 3. Clinical Course of Patients with Melanoma 


Pregnant Not Pregnant 

n - 100 86 
Mean follow-up (years) 6.0 7.7 
Recurrence rate i 48% 38% 
Death rate 25% 23% 
Site of first metastasis 

Nodes 71) 61% 

Local skin 13% 18% 

Lung 6% 12% 

Liver 2% 6% 

CNS 2% 3% 

Other 6% 0% 
Percentage who develop 

metastases in i 

Nodes o 39% 26%. 

Local skin _ 11% 10% 

Distant mets — 27% 26% 


* Percentages are calculated for the subset who developed metastatic 
or recurrent disease. E T 
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localized (stage 1) melanoma and 79 patients who were 
not pregnant (Figs. 1 to3). | 

There was a significantly shorter DFI for the pregnant 
group, with 51% of pregnant patients and 68% of control 
patients remaining disease free at 10 years (Fig. 1, p 
= 0.039). i 

The time to nodal metastases (Fig. 2) was significantly 
shorter (p = 0.021) for the pregnant group. 

The intervals from diagnosis to the development of dis- 
tant metastatic disease (distant diseasé-free interval 
[DDFI]) manifested by metastases other than to local skin 
or nodes were also compared (Fig. 3). The curves were 
separate until the 9-year follow-up, where they converged. 
The trend was toward a poorer prognosis for the patients 
diagnosed during pregnancy, but the difference was not 
significant (p = 0.265). 

p 
Melanomas and Pregnancy: Disease Free Interval 
Stage I 










Probability of 
Remaining Disease Free 





—— Control 
=- Pregnant 


P+0.039 







0 2 4 6 8 10 
Years 


Fic. 1. The actuarial disease-free interval for patients (n = 88) who were 
pregnant at the time of diagnosis of localized (stage 1) melanoma is 
significantly less favorable than for age- and sex-matched controls (n 
= 79) who were not pregnant. p = 0.039. 
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Fic. 2. The actuarial interval to the development of lymph node me- ` 
tastases for patients (n = 88) who were pregnant at the time of diagnosis 
of localized (stage 1) melanoma is significantly shorter than the interval 
for a series of age- and sex-matched controls (n = 79} who were not 
pregnant. p = 0.021. l 


Similar differences were found when all patients in both 
groups (n = 100 for pregnant patients, n = 86 for the. 
nonpregnant group) were compared. The p values for DFI, 
time to noda! metastases, and DDFI were 0.028, 0.015, 
and 0.252, respectively. 

Survival curves for all patients in the two groups were 
also plotted (Fig. 4). Again there was a trend toward a 
poorer survival rate for the pregnant group. That differ- 
ence, however, was less than 5% at 10 years and, also, was 
not statistically significant (p = 0.320). When only stage 
| patients were compared, the p value was 0.299. 

Stage at diagnosis. For the 186 female patients of child- 
bearing age studied, the stage at diagnosis was strongly 


Melanomas and Pregnancy: Distant Metastases 
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Fic. 3. The actuarial distant-disease—free interval for patients (n = 88) 
who were pregnant at the time of diagnosis of localized (stage 1) melanoma 
is not significantly different from that ofa series of age- and sex-matched 
controls (n = 79) who were not pregnant. p = 0.265 (NS). 
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Melanomas and Pregnancy: Survival from Diagnosis 


omen Control 
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* o: “FIG. 4. The actuarial survival for patients (n = 100) who were pregnant 


at the time of diagnosis with localized (stage 1) melanoma is not signif- 
icantly. different from that of a series of age- and sex-matched controls 
(n = 86) who were not pregnant. The p value is 0.320 (NS). 


associated with outcome. Actuarial 5-year survival rates 
of stage 1, stage 2, and stage 3 patients were 88%, 57%, 
and 25%, respectively. Patients diagnosed in stage 2 or 
stage 3 (with nodal or distant metastases, respectively) 
had significantly decreased survival rates compared to 
those diagnosed with stage 1 disease (p < 0.001). 

Age. Among patients with stage 1 disease (combining 
the pregnant and control patients), the three age groups 
defined above were compared in terms of DFI and survival 
rate. There was no significant association between age and 
these outcomes. The p values for DFI for these three age 
groups were 0.17, 0.31, and 0.60, respectively. The p val- 
ues for the survival curves were 0. ay 0.60, and 0.68, re- 
spectively. 


Histologic Variables 


Site of the primary melanoma. The primary sites were 
considered in three groups. DFI was longer in patients 
with extremity primaries than in patients with trunk pri- 
maries (p = 0.026), but the survival difference was not 
significant (p = 0.534). No significant prognostic signifi- 
cance could be demonstrated for the small number of 
cases of head and neck primaries. 

Histology of the primary melanoma. The most common 
histologic types of melanoma were superficial spreading 
(SSM, n = 123), nodular (NM, n = 38), and unclassified 
(UNCL, n = 17). Other histologic types were found in 
less than five cases each. The disease-free interval was 
shorter in patients with NM than in those with SSM (p 
= 0.017) and those with unclassified histology (p = 0.000). 

Survival was decreased for those with NM compared 
to those with SSM, but the difference is not significant (p 
= 0.098). The unclassified melanomas also had decreased 

survival (p = 0.012). 
~ Ulceration of the primary melanoma. Ulceration of the 
primary melanoma was associated with slightly poorer 
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patient outcome. In terms of DFI, the two curves were 
not statistically different (p = 0.24). The survival curves 
also showed a small, statistically insignificant difference 
(p = 0.167), with more deaths among the patients with 
ulcerated lesions. ; 

Thickness of the primary melanoma. Patients whose 
primary melanomas were thicker than 4.0 mm had de- 
creased survival compared to those with thinner primary 
melanomas (p < 0.025). 


Multivariate Analysis 


Endpoint: disease-free interval. The prognostic signifi- 
cance of diagnosis during pregnancy was further assessed 
by a Cox simultaneous proportional hazard multivariate 
analysis using patients from both groups (n = 186), seg- 
regated by stage at diagnosis. The numbers of patients 
with stage 2 or stage 3 disease at diagnosis were small. For 
those patients it was not possible to assess prognostic fac- 
tors in a meaningful way. The multivariate analysis fo- 
cused on the patients diagnosed with stage 1 disease 
(pregnant group: n = 88; control group: n = 79). The 
endpoints assessed were recurrent disease and death. 

The variables included in the multivariate analysis were 
those associated with significant differences in the uni- 
variate analyses presented above. 

When variables with p values greater than 0.05 were 
sequentially removed, the Clark level, the site of the pri- 
mary lesion, the thickness of the primary lesion, and di- 
agnosis during pregnancy were significantly associated 
with DFI (Table 4). When all four variables were included 
in the analysis, the p values were 0.003 for Clark level, 
0.008 for pregnancy, 0.094 for site, and 0.098 for thick- 
ness. Both thickness and site were significant when only 
one of those two variables was left in the hazard equation. 
The combination of these variables, including pregnancy, 
resulted in a hazard equation with a p value of 0.001. 
These values are listed in Table 4. 

Endpoint: survival. Multivariate analysis of variables 
associated with patient survival revealed significance only 
for the variable of thickness of the primary lesion. Three 


TABLE 4. Multivariate Analysis of Prognostic Variables for Melanoma 
in Women of Childbearing Age: Simultaneous Proportional Hazard 
Analysis (Endpoint: Disease-free Interval) 


p Values for Three Alternative 


Models 
Variable l 2 3 
Pregnancy at diagnosis 0.004 0.022 0.008 
Clark level of primary lesion 0.001 0.006 0.003 
Site of primary lesion 0.050 _ 0.094 
Thickness of primary lesion suits 0.038 0.098 
Significance of model 0.001 0.001 0.001 
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TABLE 5. Multivariate Analysis of Prognostic Variables for Stage I 
Melanoma in Women of Childbearing Age: Simultaneous 
Proportional Hazard Analysis (Endpoint: Survival) 





p Values for Three Alternative 





Models 

Var:able ] a: 3 
Pregnancy at diagnosis 0.339 ae 0.283 
Clark level of primary lesion 0.739 manema — 
Site of primary lesion 0.613 _ — 
Thickness of primary lesion 0.032 0.010 0.010 
Ulceration of primary lesion 0.843 — — 
Significance of model 0.192 0.016 0.031 


alternate hazard analyses are listed separately in Table 5. 
When considered simultaneously with the variables of 
Clark level, site, ulceration, and pregnancy, thickness 
alone was a significant predictor of survival. When con- 
sidered alone, thickness alone had a significant prognostic 
significance and the prognostic model generated by that 
one variable alone was more significant (p = 0.016) than 
the model considering all five variables (p = 0.192). When 
only thickness and pregnancy were considered together, 
there was, again, prognostic value only for the tumor: 
thickness. 


Discussion 


The effect of pregnancy on the clinical course of mel- 
anoma continues to be disputed. There are several studies 
that suggest that pregnancy has a negative impact on pa- 
tients with melanoma, while others fail to show a differ- 
ence. The present report identifies several characteristics 


of the presentation and clinical course of women with 


melanoma diagnosed during pregnancy. 

‘The clinical course of patients diagnosed during preg- 
nancy differed from that of matched controls: the pregnant 
patients had a significantly shorter DFI and a significantly 
decreased time to nodal metastases, based on comparison 
of actuarial curves. They were more likely to develop 
nodal meiastases during their clinical course (39% versus 


-26%, p = 0.053), and were more likely to develop nodal 


metastases as their first metastases (71% versus 61% of 
those who developed metastases). The length of follow- 
up was slightly greater for the nonpregnant group (7.7 
years versus 6.0 years); so the differences between the two 
groups are slightly underestimated by chi-squared analysis 
of the frequency of metastatic disease. 

The previously reported association of pregnancy with 
shorter DFI* is supported in the current manuscript by 
longer follow-up and a larger cohort of patients. Univariate 
and multivariate analyses have shown the significance of 
pregnancy for the endpoint of recurrent or metastatic dis- 
ease. 

The shorter DFI of patients with melanoma during 
pregnancy was not reflected in poorer survival rates of 
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those patients. Other known prognostic factors (ulcera- 
tion, site, Clark level) also were insignificant in this anal- 
ysis. Furthermore a relatively small number of patients 
died during follow-up (approximately 25%). Survival may 
not be as meaningful an endpoint as DFI in this popu- 
lation. In a different population, poorer survival rates for 
pregnant patients have been reported recently.’ 

The failure to document a survival difference between 
the groups may reflect a need for greater statistical power 
or may reflect similar patterns of metastases to non-nodal 
sites for the two groups. Distant metastases are more lethal 
than local or nodal metastases, and isolated nodal me- 
tastases are amenable to surgical management. 

Patients who are diagnosed with melanoma during 
pregnancy should be informed of available prognostic data — 
and should be advised of the following factors: 


1. There is a shortened DFI, which can be explained 
by a decreased time to nodal metastasis. 

2. The lymph node basins should be examined care- 
fully on a regular basis because of an increased risk 
of nodal metastases. Pregnancy may be a relative 
indication for elective node dissection in appropriate 
patients. 

3. Long-term survival approaches that of the normal 
population and is more likely to be predicted by 
standard prognostic factors, especially Breslow 
thickness, than by pregnancy alone. 
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DISCUSSION 


Dr. EDWARD KREMENTZ (New Orleans, Louisiana): I rise to com- 
pliment Dr. Seigler and his group for this study on melanoma in preg- 
nancy. To be able to find 100 women with melanoma who are pregnant 
is unique, especially when the incidence of melanoma is still only 6 to 
8 per 100,000 area-based population. 

We have had some experience with this problem and have had the 
clinical impression for a long time that pregnancy has a deleterious effect 
on the outcome of the melanoma patient. I have seen several patients 
in whom there have been an exacerbation of disease with a subsequent 
pregnancy if the melanoma developed during a previous pregnancy. 

One of the biggest problems I have is knowing what to advise women 
in the child-bearing age to do if they have had melanoma and want to 
become pregnant. This involves two groups of patients. One group rep- 
resents the patients who have melanoma with exacerbation during a 
previous pregnancy, recovered, and want to become pregnant again. 
With this group I usually advise against subsequent pregnancy or have 
them wait for 5 to 8 years, at which time the survival curve becomes 
closer to normal. 

The other group of patients are women who have had a spontaneous 
melanoma not related to pregnancy, and who have had curative therapy. 
In this group I think it 1s more reasonable to advise them to wait at least 
2 years, or to be extra safe, to wait 5 years before becoming pregnant. 

I would like to know what Dr. Seigler advises his patients in these 
situations. 


Dr. HERBERT B. WREN, II] (Texarkana, Texas): I would like to describe 
a patient who was mentioned here in the discussion of melanoma a few 
years ago, a young black woman who presented at the Tulane Surgical 
Service at Charity with a subungual melanoma of the big toe. She was 
treated with excision and a perfusion technique developed by Drs. Creech, 
Kremetz, and Ryan. It became apparent soon afterward that she was 
pregnant. This caused a great deal of concern, and we wondered about 
the outcome. She delivered spontaneously a normal healthy baby and 
did not have a recurrence of melanoma. 

I enjoyed the author’s presentation. I would like to ask if they had 
any experience with any of their patients who were treated with che- 
motherapy at any time, 


Dr. CARL M. SUTHERLAND (New Orleans, Louisiana); We heard from 
our president this morning about the difficult scientific, moral, and ethical 
problems in relation to transplantation. Dr. Seigler raises another equally 
difficult issue, the case of a woman and her husband excited with a 
pregnancy, then devastated with the diagnosis of melanoma. The phy- 
sician knows the pregnancy may harm her and, in addition, if she tries 
to carry the pregnancy to term, she may not live to raise the child. Any 
additional science is welcome on which to base judgment. The current 
study is valuable information for us. 

Some of you may know we have tried to do a similar study through 
the World Health Organization Melanoma Programme. We have gath- 
ered information on more than 600 such patients, including those pre- 
viously reported by Dr. Seigler and colleagues, for which we are grateful, 
We have not been able to perform a matched study as yet. In the WHO 
data base, a strong year-of-diagnosis treatment variable exists; that is, 
with later date of diagnosis, the prognosis is better correcting for other 
variables. This problem has confounded us and we have not been able 
to generate a matched group that we think is adequate for a controlled 
group; however it is clear that the patients pregnant at diagnosis do poorly. 
I know the Duke data base does not have that confounding variable; it 
was the first question I asked Dr. Seigler when he called me the 
other day. l 

Any study on this subject is necessarily an observational study. I see 
no possibility of a randomized prospective study any time in the future. 
A successful study demands a controlled group matched as closely as 
possible. I recognize that a complete match is impossible. Because the 
date of diagnosis has been so much of a problem for us, I would like to 
ask how it might affect their study. Even if microstaging 1s not affected 
with date, still other problems exist. For example, the following items 
can change with date of diagnosis and if not balanced in the two groups 
might affect the study: (1) methods of diagnosis of primary and/or met- 
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astatic disease; (2) time of referral—a patient referred with metastatic 
disease is different from a patient at first diagnosis, even though both 
might have the same microstaging of primary; (3) treatment; (4) rate of 
pregnancy, age at the current pregnancy, and number of previous preg- 
nancies; (5) ability to diagnose pregnancy; and (6) rate of the control 
group to become pregnant. 

In addition to these criteria, I would like information on the control 
group. How was it selected? What was the total number of patients who 
fulfilled the criteria for inclusion? How was the selection done? 

The statistical analysis seems straightforward and appropriate. 

I welcome the opportunity to discuss the paper and call your attention 
to how you can help with this problem. The current patient care and 
evaluation study being done by the American College of Surgeons is on 
melanoma. Cases diagnosed in 1983 are being collected for the long- 
term study and cases diagnosed in 1988 are targeted for the short-term 
study. The data form contains a section on pregnancy, which we hope 
will provide valuable information on melanoma and pregnancy not con- 
founded by date of diagnosis. As of last Friday, we have collected infor- 
mation from 858 programs containing information on 5081 patients in 
the long-term study and on 6988 patients in the short-term study. We 
need all we can get. Please ask your hospital tumor registrar to complete 
this study for your hospital if it has not been done already. The infor- 
mation will be given at the American College of Surgeons Clinical Con- 
gress Meeting in San Francisco in 1990. 

I would like to ask Dr. Seigler and colleagues this final question. What. 
do you advise for the pregnant patient with melanoma regarding preg- 
nancy termination in the following situations: stage I good-prognosis 
cases, stages I and II poor-prognosis cases, and stage IH cases with met- 
astatic disease? 


Dr. MARSHALL URIST (Birmingham, Alabama): Dr. Seigler and: his 
colleagues have provided for us an in-depth analysis of an emotion-laden 
problem. Whenever we examine the results of melanoma treatment in 
the light of various prognostic factors, we find the outcome to be very 
predictable. It is to the authors’ credit that they have completed such a 
comprehensive analysis and shown us that this is also true for the pregnant 
patient with melanoma, 

For which patients do you recommend elective lymph node dissection? 
For the patient who is not pregnant, is there any difference in recom- 
mendations regarding subsequent pregnancies based on prognostic fac- 
tors? 


Dr, LOREN HUMPHREY (Columbia, Missouri): The factor that bears 
on this, with the difference in disease for interval and survival, perhaps 
is the role of the patient’s immune responsiveness. 

If I were Jim Thompson, I might ask about the ‘Immunologie Alle- 
gemeine Ausgespielt’ test, but Jim and I went to different schools, so I 
won’t ask that. I think our data, like the data from Duke, show that the 
patient does respond to immune stimulation. 

We had 238 patients in an adjuvant immunotherapy protocol. Forty- 
seven were treated for advanced or recurrent disease, but the 131 stage 
I patients treated had a 91% observed 5-year survival rate and the 60 
stage II patients had a 68% observed survival rate. 

I think that data and the data from Duke show that the patient’s 
immune response can be modified. Yet in these patients it seems that 
there is a breakdown during that interval, Dr. Seigler, when they are 
pregnant, at least, because it has a bearing on the disease-free interval. 

Do you have in vitro correlates or laboratory data on these patients 
that might show it really is the environmental milieu of the target cell, 
or is it the general immune response of the pregnant patient? 


Cd 


DR. CRAIG L. SLINGLUFF, JR. (Closing discussion): The concerns that 
appear to be running through many of the discussants’ remarks are about 
what kind of advice we give to patients regarding whether to become 
pregnant. There are two basic situations, as already mentioned. One 
situation is the patient who presents with a history of melanoma diagnosed 
and appropriately treated in the past who seeks advice on starting a 
family or on having more children. Our advise is based on the prognostic 
indicators that we already know for that melanoma. A patient who pre- 
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sents with a history ofa 1.5-mm primary melanoma that has been widely 
excised from an extremity site and who has a good prognosis is advised 
that the chance of living long-term and being able to raise the child is 
very good. We do not think that there is any-suggestion from the literature 
that having a pregnancy subsequent to that date will affect her prognosis. 
We suggest only that she wait perhaps about 2 years to ensure that she 
does not have aggressive disease despite her good prognosis. 

The patients who have more significant disease, especially those with 
stage II or stage HI disease, but also those with a history of a thick mel- 
anoma, are advised that the chance of death during the next 5 to 10 
years would be more than 50%. The patient and her husband are advised 
that they should consider that they may have a child who would have 
no mother, and therefore we advise against pregnancy in that situation 
until after 5 to 8 years, when they would know that they are free of 
disease for the long term. 

Another concern mentioned was chemotherapy. Approximately 18% 
of our patients had chemotherapy at some point in their course. We 
have no data on the relationship of chemotherapy to pregnancy. Our 
experience with chemctherapy for melanoma is with a four-drug che- 
motherapy regimen. We see about a 10% complete response rate. Of 
course, that is minimal and we don’t advise adjuvant chemotherapy for 
patients with no evidence of disease. 

Another question was whether we studied ulceration. We certainly 
did. We included that in our multivariate analyses, and it did not prove 
to be significant in the assessments that we made. As was already dis- 
cussed, ulceration was controlled for in the patient groups. 
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In terms of how we selected these patients for comparison, there has 
been accurate recording of the pregnancy status for several hundred pa- 
tients, and the ones who are presented now are those within those several 
hundred for whom there is some appropriate matching of Clark’s level 
and age, primarily. 

I would like to show a couple slides that show some additional data 
because I think it is supportive of what we see with the control population. 

There are about 1000 other female patients of child-bearing age in 
whom pregnancy status was not recorded in the database, so we would 
consider these to be essentially the general female population aged 19 
to 40 years. Again we have a substantial follow-up period for those patients 
and an overall recurrence rate of 40% and a mortality rate of 21%. The 
death rate for this group is very comparable to that of the nonpregnant 
group. l 

Regarding the other prognostic variables, 84% had a Clark level of 3 
or more, which is comparable to the pregnant patient group. All of these 
variables, again, are fairly comparable to what we have already seen. 

If we look at actuarial curves for the time to nodal metastases, we see 
the curves for the nonpregnant patients and the pregnant patients already 
presented, and the curve for the 1000-plus patients who represent, es- 
sentially, the remaining female patients of child-bearing age in our data- 
base. Again we see that there is a significantly shorter time to nodal 
metastases for the pregnant patients compared to this group of 1000 
patients, with a p value of 0.033. 

But if we look at survival rate, these two lines are superimposable, 
with a p value of 0.833. 
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The development of an uncontrolled inflammatory response has 
been implicated in the pathogenesis of adult respiratory distress 
syndrome and multiple-organ failure. Because zymosan activates 
complement and induces a systemic inflammatory response, the 
effect of zymosan on intestinal structure and barrier function 
was measured in normally nourished (NN) and protein mal- 
nourished (PM) mice. Normally nourished and protein mal- 
nourished (up to 21 days) mice challenged intraperitoneally with 
zymosan (0.1 mg/g body weight) were killed 24 hours after zy- 
mosan challenge and their organs cultured for translocating bac- 
teria. Zymosan-induced bacterial translocation was limited to 
the mesenteric lymph nodes of the NN mice, whereas translo- 
cating bacteria spread from the gut to the liver, spleen, and blood 
stream (p < 0.05) in the PM mice. Zymosan-induced bacterial 
translocation appeared to be related primarily to the combination 
of mucosal injury and a disruption of the gut flora ecology in 
the PM mice and to mucosal injury in the NN mice. The extent 
of mucosal injury was greater the longer the mice were protein 
malnourished before zymosan challenge. The effect of zymosan 
on survival was measured in separate groups of mice. At a dose 
of 0.1 mg/g body weight, no deaths occurred in NN mice or in 
7-day PM mice. However 20% of the 14-day PM mice and 80% 
of the 21-day PM mice receiving zymosan died. Thus PM pre- 
disposes to mucosal damage and the development of potentially 
lethal gut origin septic state during periods of systemic inflam- 
mation. 


YSTEMIC COMPLEMENT ACTIVATION or the devel- 
opment of an uncontrolled inflammatory response 
has been implicated in the pathogenesis of the adult 
respiratory distress syndrome (ARDS) and multiple-organ 
failure. 2? Because zymosan activates complement and in- 
duces a systemic inflammatory response,** the effects of 
zymosan on gut structure and on barrier function were 
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measured. Gut barrier function was evaluated by mea- 
suring the escape (translocation) of bacteria from the gut 
to systemic organs and tissues, a process called bacterial 
translocation.” Gut structure and barrier function were 
studied in this model because failure of gut barrier func- 
tion has been implicated in the pathogenesis of multiple- 
organ failure.® Protein malnourished mice were tested, as 
were as normally nourished mice, because nutritional de- 
ficiencies are relatively common in patients at risk of de- 
veloping systemic infections or organ failure.’ In addition 
nutritional depletion impairs host antibacterial defenses? 
and is associated with morphologic and functional changes 
in the gut.”:!° 


Materials and Methods 


Specific pathogen-free (SPF) mice (CD-1) of both sexes 
weighing 20 to 25 g were used in these experiments. The 
mice were housed in autoclaved polystyrene cages under 
barrier-sustained conditions with controlled temperature 
(22 C}, humidity, and lighting (12-hour light-dark cycles). 
They were fed standard laboratory chow (Diet 5001, Ral- 
ston Purina Co., St. Louis, MO) and acidified water (0.001 
N HC) ad libitum. This standard mouse chow contains 
17% protein-and 11% fat by weight. In the protein-deple- 
tion experiments, the mice received a low protein whey 
diet (Tekland Test Diets, Madison, WI) for periods of up 
to 21 days. This diet meets the requirements of the Na- 
tional Research Council for trace elements, vitamins, and 
minerals, The diet contains 0.03% protein, 20% fat, and 
67% carbohydrate, rendering it nearly protein free. Ani- 
mals in both groups received drinking water ad libitum. 
Zymosan (Sigma Chemical Co., St. Louis, MO) was dis- 
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TABLE 1. Zymosan (0.1 mg/kg) Induces Bacterial Translocation in 
Normally Nourished Mice 


Cecal Population Levels 


(CFU/gm) 
BT to Gram-neg. 
Group n MLN (%) Total Aerobes Enterics 
Control 10 0% 6787X110 2.3420 * 10° 
Zymosan 10 80% 194+3.2«10°- 2.54+429x10° 
p value <0.01 <0.28 <0.23 


solved in normal saline to a final concentration of 2.5 
mg/mL and injected intraperitoneally at a dose of 0.1 
mg/g body weight. The injection volume averaged | mL. 
Saline was injected intraperitoneally in the control mice. 
The animals were observed twice daily for signs of toxicity 
(lethargy, conjunctivitis, ruffled fur, or death). Separate 
groups of mice were evaluated for survival. The mice were 
maintained in accordance with the recommendations of 
the Guide for the Care and Use of Laboratory Animals 
and the experiments were approved by the Louisiana State 
University-Medical Center, Shreveport, Animal Care 
Committee. 
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Testing for Bacterial Translocation 


On the day that animals were killed, each animal was 
weighed. They were killed by cervical dislocation and their 
organs tested for translocating bacteria as previously de- 
scribed.'' Using sterile technique, the mesenteric lymph 
node complex (MLN), spleen, and liver were removed. 
One milliliter of blood obtained by cardiac puncture was 
cultured aerobically at 37 C. The organs were weighed 
and homogenized and aliquots (0.1 mL) were plated onto 
blood and MacConkey agar plates. The plates were ex- 
amined after 24 and 48 hours of aerobic incubation at 37 
C. After the MLN, spleen, and liver had been removed 
for culturing of translocating bacteria, the cecum was re- 
moved, weighed, and homogenized. Serial dilutions of 
the cecal homogenate were plated onto blood and 
MacConkey agar plates and incubated for 24 and 48 hours 
at 37 C. Gram-negative enteric bacilli and gram-positive 
cocci were identified by standard procedures as previously 
described."' 


Morphologic Analysis 


The mucosal structures of the ileum and cecum of at 
least three animals per experimental group were analyzed 





FiGs. la and b. (a) Distal ileum from control mouse maintained on Purina Laboratory Chow. The normal architectural arrangement in the mucosa 
is evident. (b) Distal ileum from a mouse after exposure to a single intraperitoneal injection of (0.1 mg/gm) zymosan. Zymosan injection results in 
a separation of the epithelium from the basement membrane (arrows) and an accumulation of granulocytes in the mucosal lymphatics. Scale bar 


= 100 um. 
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TABLE 2. Influence of Protein Malnutrition on Cecal Bacterial 
Population Levels and Bacterial Translocation 





Cecal Population Levels 





(CFU/gm) 
BT to Gram-neg 
Group n MLN (%) Total Aerobes Enterics 
Control 10 0 67-2 8:7 x10 2.3 + 2.0 x 10° 
PM 7 day 10 0 7.8 + 12 x 10’ 2.3 t28 X 10° 
PM l4day 10 0 20'S 2:1 X 10° 6.9 + 6.6 X 10’ 
PM 21 day 10 0 5.3£64 X10 - 2.1+2.0 x 10% 





All values presented as mean + SD. 
* p < 0.05 versus all other groups. 
t p < 0.05 versus control and PM 7 day. 


by light microscopy. The samples were recovered im- 
mediately after death and fixed by luminal perfusion and 
immersion in 2% paraformaldehyde —2% glutaraldehyde 
in 0.1 mol/L (molar) phosphate buffer at pH 7.4 overnight 
at 4 C. The tissue was then dehydrated to 95% ethanol 
and embedded in methyl methacrylate (JB-4, Polysci- 
ences, Inc., Warrington, PA). Semithin (2 to 3 um) sec- 
tions were cut with glass knives and stained with 1% to- 
luidine blue 0. 


Statistical Analysis 


Translocation incidences (discontinuous data) were 
evaluated by chi square analysis with the Yates correction. 
Continuous data were analyzed by analysis of variance. 
Probabilities less than 0.05 were considered significant. 


Results 


Mice challenged with IP zymosan (0.1 mg/g body 
weight) manifested systemic signs of stress (lethargy, con- 
junctivitis, and ruffled fur) within 16 to 24 hours of re- 
ceiving the zymosan. However all of the mice recovered. 
In contrast to the saline-injected controls whose organs 
were sterile, zymosan injection promoted bacterial trans- 
location to the MLN (Table 1). Although the cecal bac- 
terial population levels were higher in the zymosan than 
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TABLE 4. Quantification of Bacterial Translocation in Protein- 
Malnourished Mice Injected with Zymosan 








MLN Liver Spleen 
Mean + SD Mean + SD Mean + SD 
Group n CFU/gm CFU/gm CFU/gm 

Saline 10 0 0 0 
NN-Zym 10 209 + 256 0 0 
PM7-Zym 10 3,267 + 5,108 13,252 + 20,010 4,391 + 11,285 
PM14-Zym 10 10,465 + 11,949* 44,430 + 49,328 29,456 + 32,616 
PM21-Zym 10 21,275 +20,473+ 102,600 + 56,688} 54,478 + 49,177§ 





* p < 0.05 versus NN and PM7 day. 

tp < 0.01 versus NN and PM7 days. 

p < 0.01 versus PM7 days and PM14 days. 
§ p < 0.01 versus PM7 days. 


the saline-injected groups, these differences did not reach 
statistical significance (Table 1). Thus zymosan does not 
appear to induce bacterial translocation primarily by dis- 
rupting the ecology of the normal intestinal microflora 
and thereby promote overgrowth of gram-negative enteric 
bacilli (Table 1). Instead zymosan appears to induce bac- 
terial translocation to the MLN primarily by injuring the 
intestinal mucosa (Fig. 1). 

As previously reported,'' bacterial translocation did not 
occur in mice fed the protein-free diet for up to 21 days, 
even though their intestinal flora was disrupted (Table 2). 
Nonetheless these PM mice were more susceptible to 
zymosan-induced bacterial translocation than the NN 
mice (Table 3). Only in the PM mice challenged with 
zymosan did the translocating bacteria spread past the 
MLN to invade the liver, spleen, and blood (Table 3). 
Furthermore the numbers of viable bacteria per MLN 
were significantly higher in the PM than the NN mice 
(Table 4). In addition the numbers of bacteria recovered 
from all the organs were increased after 14 or 21 days of 
protein malnutrition. In fact the longer the mice were on 
the protein-free diet before zymosan challenge, the more 
weight they lost and the higher their mortality rate 
(Fig. 2). 

Although both the saline- and zymosan-challenged, PM 
groups lost comparable amounts of weight (data not 


TABLE 3. Protein Malnutrition Increases the Susceptibility of Mice to Zymosan-induced Bacterial Translocation and Systemic Sepsis 


Bacterial Translocation 





Group n MLN (%) Liver/Spleen (%) 
Zymosan 10 80 10 
PM7 + Zymosan 10 100 70* 
PM14 + Zymosan 10 100 80* 
PM21 + Zymosan 10 100 90* 


* p < 0.05 versus zymosan only. 

t p < 0.05 versus zymosan only and PM7 day + zymosan. 

t p < 0.01 versus zymosan only & PM7 day + zymosan and p < 0.05 
versus PM14 + zymosan. 


Cecal Population Levels (CFU/gm) 


Gram-neg. 
Blood (%) Total Aerobes Enterics 
0 1.9.4 32 x 10% 2.5 +: 2.9: X 10° 
60* 8.0 + 8.5 x 108 Lit 23 X10 
60* 2.0 + 1.9 X 10%* 9 SFC 10" 
80* 3.6 + 2.8 X 10°F 3 23x It 


Bacterial translocation expressed as percentage of organs tested that 


contain viable organisms. 
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FIG. 2. Mice fed protein-deficient diet for 14 or 21 days lost a significant 
amount of weight and had an increased mortality rate after challenge 
with zymosan (0.1 mg/gm body weight). *p < 0.05 versus other groups 
(n = 10 mice per group). 
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shown) and had increased levels of cecal enterics, bacterial 
translocation occurred only in the zymosan-treated mice. 
One major difference between the saline- and zymosan- 
challenged, PM mice was that the mucosal barrier ap- 
peared to be intact in the PM mice challenged with saline 
in contrast to the zymosan-challenged mice (Figs. 3 to 5). 
In fact the longer the mice were protein-malnourished 
before the zymosan challenge, the greater the extent of 
ileal mucosal damage. Thus maintenance of intestinal 
barrier function appears to be of major importance in 
preventing bacterial translocation in PM mice. 

The relationship between the zymosan dose and le- 
thality for NN mice is illustrated in Figure 6. The dose 
of zymosan required to kill one half of the mice was 0.75 
mg/g body weight, while all the mice died when given a 
dose of 1 mg/g body weight. Thus a zymosan dose that 
was 7 to 10 times higher had to be administered to the 
NN mice to achieve a mortality rate comparable to that 
observed in 21-day PM mice. 


Discussion 


During the last 5 years, there has been a resurgence of 
interest in the etiologic role of gut barrier failure in the 
development of systemic infections and multiple organ 
failure in the critically ill or injured patient. This interest 


b 





FIGS. 3a and b. (a) Distal ileum from a mouse maintained on a protein-deficient diet for 7 days. The villi have shortened and there is an accumulation 
of fluid in the lymphatics, but the epithelium is intact. (b) Distal ileum from a mouse protein-malnourished for 7 days before a single intraperitoneal 
injection (0.1 mg/gm) of zymosan. The deleterious effects of zymosan are exacerbated (arrows). Scale bar = 100 um. 
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FIGS. 4a and b. (a) Distal ileum from a mouse maintained on a protein-deficient diet for 14 days. The villi have shortened further and there is a clear 
diminution of the number of defense cells in the lamina propria. (b) Distal ileum from a mouse protein-malnourished for 14 days before a single 
intraperitoneal injection (0.1 mg/gm) of zymosan. The deleterious effects of zymosan are greatly increased to include gross damage to the structure 


of the entire villus (arrows). Scale bar = 100 um. 


is predicated on studies documenting that under certain 
circumstances intestinal barrier function can be impaired 
or lost, thereby allowing luminal bacteria or endotoxin to 
reach the portal or systemic circulations. Factors shown 
experimentally to promote the translocation of bacteria 
from the gut include disruption of the ecologic balance 
of the normal indigenous intestinal microflora, impaired 
host immune defenses, and physical disruption of the gut- 
mucosal barrier.!™!4 The results of these experimental 
animal studies have led to the hypothesis that the gut also 
can be a reservoir for life-threatening systemic infections 
in the immunocompromised patient. This hypothesis is 
consistent with the clinical observation that several groups 
of patients, including burned patients,'*'® trauma vic- 
tims,” and patients who develop multiple-organ fail- 
ure,'*:!? may develop lethal infections with gut-associated 
bacteria in the absence of a clinically identifiable focus of 
infection. Patients who are at increased risk of developing 
bacteremias from clinically occult foci tend to share cer- 
tain predisposing factors. Generally they have altered in- 
testinal function, are immunocompromised, and/or mal- 
nourished, plus they usually have received therapeutic 
agents that alter the normal ecology of their gut flora, 
such as broad-spectrum antibiotics, antacids, or H2- 


blockers. Although these clinical associations support the 
hypothesis that gut barrier function may result in systemic 
infection or multiple-organ failure in high-risk patients, 
this hypothesis requires further testing before it can be 
fully accepted. Thus the two major goals of our research 
have been to elucidate the basic mechanisms leading to 
intestinal barrier failure and to test the hypothesis that 
failure of intestinal barrier function will lead to clinically 
significant infection. 

Because of the clinical association between systemic 
inflammation and the development of sepsis, the current 
experiments were performed to determine the role of sys- 
temic inflammation on intestinal barrier function in NN 
and PM mice. Protein-malnourished as well as NN mice 
were studied because protein malnutrition is relatively 
common clinically and protein malnutrition is associated 
with both impaired immune defenses? and disruption of 
the normal ecology of the intestinal microflora.'!?° Fur- 
thermore previously we documented that PM mice are 
more susceptible to the lethal effects of endotoxin than 
control mice.'' This increased susceptibility to the lethal 
effects of endotoxin appears to be due to a failure of the 
PM mice to control the systemic spread of bacteria trans- 
locating from their GI tracts. Thus to determine whether 
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Fics. 5a and b. (a) Distal ileum E mouse maintained on a protein-deficient diet for 21 days. The villus and crypt atrophy are clearly evident, 
while the epithelial barrier appears to remain intact. (b) Distal ileum from a mouse protein-malnourished for 21 days before exposure to zymosan. 
The villus integrity is damaged (arrows), with epithelial damage apparent at the villus tips. The submucosal is edematous and the muscularis externa 


is grossly damaged. Scale bar = 100 um. 


systemic inflammation could lead to gut barrier failure 
and bacterial translocation in the absence of infection, 
mice were challenged with zymosan, a nonbacterial, non- 
endotoxin inflammatory agent.*° Zymosan is a major 
component of the cell wall of the yeast Saccharomyces 
cerevisiae and appears to exert its inflammatory effects 
primarily by activating complement,'” although it is also 
a neutrophil and macrophage stimulant.” Previous studies 
by other investigators have documented that zymosan af- 
fects the function of several organ systems'**? including 
the gut.” Thus by using zymosan it is possible to separate 
the effects of inflammation from infection on gut barrier 
function. 

In NN mice, a nonlethal dose of zymosan damaged the 
intestinal mucosa and promoted bacterial translocation, 
but the translocating bacteria were limited to the mes- 
enteric lymph node complex. This dose (0.1 mg/g body 
weight) of zymosan was one tenth the lethal dose. Al- 
though bacterial translocation did not occur in the PM 
mice not given zymosan, the PM mice were more sus- 
ceptible to zymosan-induced bacterial translocation than 
the NN mice. When low-dose zymosan (0.1 mg/g body 
weight) was administered to the PM mice, the translo- 
cating bacteria were not contained in the MLNs, but in- 


stead spread to the livers, spleens, and blood streams. In 
addition, after 14 or 21 days of protein malnutrition, this 
nonlethal dose of zymosan became lethal. The results of 
this study indicate that induction of a nonlethal systemic 
inflammatory state can cause mucosal injury and promote 
bacterial translocation even in healthy animals, and that 
PM mice are more susceptible to inflammatory-induced, 
gut-origin septic states than are NN mice. Our results in- 
dicating that the intestinal microflora plays a major role 
in zymosan-induced sepsis and lethality are supported by 
the work of Goris et al.,> who found that the mortality 
rate of germ-free rats challenged with a potentially lethal 
dose of zymosan was just one tenth (5% versus 50%) of 
that found in rats with a conventional gut microflora. 
Nutritional factors, including dietary composition and 
route of administration, appear to be important in the 
maintenance of intestinal barrier function. Alverdy et al.” 
demonstrated that enteral or parenteral feeding of a TPN 
solution for 7 days promotes bacterial translocation and 
that the incidence of bacterial translocation is higher in 
parenterally fed rats than in enterally fed rats. These diets 
did not contain glutamine. Wilmore” and others*>”° have 
stressed the importance of glutamine as the major respi- 
ratory fuel of intestinal enterocytes and have documented 
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FIG. 6. Dose-response curve of zymosan on 7 day mortality in NN mice. 
* p = 0.03 versus all other groups. tp < 0.01 versus all other groups. 


that the administration of glutamine protects the intestinal 
mucosa from injury in a number of experimental mod- 
els.” Therefore the question arises as to why bacterial 
translocation did not occur in PM mice not given zymo- 
san, because this diet does not contain glutamine or glu- 
tamate. The explanation for these seemingly disparate 
findings is the fact that the pelleted protein-free diet con- 
tains bulk. We have documented that bulk prevents in- 
testinal barrier failure, even in the absence of any oral 
intake.” 

In attempting to interpret the potential clinical signif- 
icance of these studies, it is important to realize that bac- 
terial translocation is not an all-or-none phenomenon. 
The clinical significance of bacterial translocation depends 
on the physiologic and immunologic status of the host, 
and not just on whether bacterial translocation has oc- 
curred. This conclusion is based on our experimental 
findings that, although disruption of a single major intes- 
tinal defense system consistently promotes bacterial 
translocation to the MLN, these translocating bacteria 
are ultimately eradicated and the animal survives. How- 
ever under experimental conditions that mimic the clinical 
situation, in which multiple defense systems are impaired, 
the translocating bacteria spread past the MLN to other 
organs and may induce a lethal septic syndrome. In this 
regard the results of the current study, in which the com- 
bination of a nonlethal dose of zymosan and the protein- 
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malnourished state resulted in a gut-origin septic state, 
are consistent with our previous studies using endotoxin 
as an inducer of bacterial translocation in PM!! or ther- 
mally injured mice.” The clinical correlate of this two- 
hit model of gut barrier failure leading to a gut-origin 
septic state or distant organ failure is the immunocom- 
promised patient who loses intestinal barrier function. 

We are now beginning to realize that the GI tract is 
not a passive organ and that gut dysfunction is not limited 
to ileus or stress ulcerations. On the contrary, the gut has 
important endocrine, immunologic, metabolic, and bar- 
rier functions in addition to its traditional role in nutrient 
absorption. Therefore it appears important to develop 
therapeutic strategies to maintain intestinal barrier func- 
tion. For this reason we and others have been interested 
in understanding the basic mechanisms responsible for 
inducing intestinal barrier failure. One such mechanism 
that appears to be important in the pathogenesis of mu- 
cosal injury and bacterial translocation after endotoxin 
challenge,” hemorrhagic shock,” thermal injury,?! or low- 
dose zymosan challenge (unpublished data) is oxidant- 
mediated intestinal injury due to an ischemia-reperfusion 
injury of the ileum and cecum. This conclusion is based 
on our studies documenting that inhibition or inactivation 
of xanthine-oxidase activity will largely prevent mucosal 
injury and bacterial translocation in these model systems. 
As additional information on the pathogenesis of intestinal 
barrier failure becomes available, it will be possible to 
extend these experimental studies to the clinical arena 
and thereby improve patient care. 
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DISCUSSION 


Dr. J. W. ALEXANDER (Cincinnati, Ohio): I would like to thank the 
Association for the privilege of discussing this paper and also to congrat- 
ulate Dr. Deitch, not only for his excellent presentation but also for the 
long series of papers that he has given us in the last 4 or 5 years that 
have led to a lot of insight into the process of translocation. 

I hope that each member of the audience will now accept the fact that 
failure of the gut mucosal barrier function in humans is an important 
prelude to the development of the septic state and bacteremia in patients 
who do not have a defined surgical focus for bacteremia, particularly 
those sick patients in the ICU, in whom it also leads to the development 
of multiple system organ failure. 

One of the primary points of Dr. Deitch’s paper was that it is not a 
single factor that causes translocation, but rather the synergistic effect of 
multiple factors that leads to this important complication and malnu- 
trition may be one of these important factors. It sets the stage for trans- 
location being induced by a variety of other factors such as biologic 
processes. 

There are three factors that will lead to bacterial translocation, through 
the gut mucosa. One is direct injury to the mucosal cells by toxins or 
radiation. Second is lack of cell function of the gut cells because of un- 
dernutrition or disordered nutrition. And third, and I think it is becoming 
increasingly recognized because of the work of Drs. Herndon, Rush, 
Deitch, is a decreased blood flow to the intestine. I think that the mes- 
enteric or splanchnic blood flow is a critical predisposing factor to the 
translocation. 

First, I would like to ask Dr. Deitch if he has any data related to this 
particular factor in his series of experiments, which is particularly im- 
portant for the zymosan model because zymosan not only activates 
complement that can cause release of breakdown fragments, which can 
decrease splanchnic blood flow, but also induces the release of platelet 
activating factor, which is a rather potent splanchnic vasoconstrictor. 

Second, I would like to ask Dr. Deitch if he has any evidence of how 
these bacteria translocate in this particular model. 

In the burn model we have been using with Candida albicans, the 
Candida attaches directly to the microvilli of the intact mucosal cell, 
burrows its way into the microvilli, and pierces the membrane to enter 
the intact cell and transgresses across the cell to enter the lamina propria. 
Infrequently it goes through ulcerations. 

Dr. Deitch has shown in other studies that ulcerations occur in the 
hemorrhage shock model and that bacteria can translocate through that 
mechanism, but I would like his thoughts about which is the more im- 
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portant mechanism with the probable decreased splanchnic blood flow 
from zymosan. 

I wonder if he would comment on the potential role of endotoxin in 
the translocation in this process because endotoxin is a smaller molecule, 
of course, than the intact bacteria. Smaller substances may translocate 
to a much greater degree than intact bacteria. 

Did he measure endotoxin in the plasma of these animals, or did he 
also measure the complement breakdown products? 

Finally, how long might it take to correct the nutritional defect by 
refeeding to prevent the lethal effect of translocation caused by zymosan? 


Dr. LEWIS M. FLINT, JR. (Buffalo, New York): As is usual when I 
follow Dr. Alexander in a discussion, my discussion is going to be quite 
a bit shorter than originally designed because he asked most of the ques- 
tions about which I was interested. 

Critically injured patients who develop multiple system organ failure 
usually come to the intensive care unit in a hyperdynamic state. They 
develop protein calorie malmutrition and subsequently develop circum- 
stancial evidence of bacterial translocation. 

We became interested several years ago in trying to devise a laboratory 
model of this particular phenomenon and the results of that laboratory 
model were reported to the Surgical Infection Society last spring by Steve 
Steinberg, who is a coauthor on a paper to be presented subsequently 
on this program. 

I am not going to make direct comparisons between our model and 
that of Dr. Deitch because we used a rat, while he used a mouse, and 
there are dosage differences in the zymosan that was administered. But 
suffice it to say that we found changes, physiologic changes, as well as 
morphologic changes in lung, kidney, and gut and found bacterial trans- 
location. 

What we learned about that particular model is that a major portion 
of the pathophysiology is concerned with hypovolemia and that fluid 
volume supplementation was necessary to control for the hypovolemic 
component of the laboratory model. We found that our animals’ blood 
pressures were normal but their hematocrits rose, leading us to suspect 
that there was plasma volume depletion. 

In other studies using rats we also found, as has the Louisville group 
in their microcirculation laboratory, that after hypovolemia and even 
after resuscitation, there is persistent arteriolar or vasoconstriction in the 
terminal ileum, and that has led us to suspect that even when hemo- 
dynamics are restored there is a hypoperfusion of the intestine and this 
may lead to bacterial translocation. 
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Would you comment on the possible presence of a continued hypo- 
perfusion state in this experimental preparation? Could you give us a 
further explanation of the relevance of the protein malnutrition that pre- 
exists in the experimental animals, because the sequence we usually see 
is protein malnutrition having its onset after the inflammatory response 
induced by trauma or shock? Finally, is translocation a pathogenic event 
in multiple systems organ failure, or is it a valuable laboratory marker 
that we can use to study mechanisms in experimental animals? 


DR. WILLIAM R. DRUCKER (Bethesda, Maryland): It has been a great 
pleasure to watch Ed Deitch work over the last 5 or 6 years, and I am 
very pleased to see that he is one of the few authors in the field who 
remembers that there were such fellows as Jake Fine. I think if Jake Fine 
were around today, he would be absolutely thrilled to hear the confir- 
mation of his long-standing thesis provided first by Dr. Deitch and now 
several others. 

Following the theory of Dr. Fine and also following our own experi- 
mental work with hemorrhagic shock, I would like to direct a question 
about the liver. Your results are, as usual, clear, and I don’t think they 
are subject to much criticism, but I wonder if the interpretation could 
be extended. Does the sepicemia or sepsis that developed depend entirely 
on the load of bacteria plus or minus toxin getting through the bowel, 
or does it also depend in part on the loss of defense from the reticulo- 
endothelial system? 

Have you been able to observe any change in the liver in this particular 
shock model? 

It was interesting to me to hear Lew Flint not mention the liver in his 
particular model. The reason I dwell on the liver is not just out of idle 
curiosity but because energy metabolism completely depends on the 
function of liver under these stress states. If the liver is unable to supply 
adequate energy, there is a very good correlation with the rapid deteri- 
oration that will occur in both men and in animal. If the liver did show 
changes reflecting acute undernutrition, there is a possible new study for 
you, Ed. You might present next year at this meeting the results of a 
study using the same model in which you gave a small dose of glucose 
just during the acute stage. The goal would be to see if that therapy would 
protect against sepsis by protecting the RE system presumably without 
changing the gut barrier function at all? 


Dr. JAMES C. THOMPSON (Galveston, Texas): Every now and then 
in the course of a series of studies we miss or neglect the point when 
something critical happens. I am not sure it has happened here, and I 
would like to ask Dr. Deitch to help us. 

I don’t know who first had the idea that when we get sick our gut 
barrier becomes permeable, but certainly Benjamin Zweifach and Jacob 
Fine worked on that idea for a long time. It might have originated with 
Oog the Caveman, but it has gone on for a long time. Periodically studied 
and then neglected and studied again, and in its latest incarnation effected 
by Dr. Deitch, it has risen to a point at which it may be almost crystallized. 

This is different from the usual series of events. What actually happens 
when you get an idea that has been characterized by a group at the NIH 
as having five or six steps? First, the observation itself and then initial 
enthusiasm, then doubt, and then panic, then search for the guilty, and 
then punishment of the innocent. Then rewards and kudos for the un- 
involved. 

That doesn’t seem to be happening here. We should pay attention to 
it because Dr. Deitch bit onto the tail of this comet and has held on to 
it and has gradually climbed up its firey length, and may, in fact, be close 
to directing it. 

It is a taxonomic question that I would like to propose. 

Have you indeed fulfilled Koch’s postulate in this matter? I notice for 
the first time that you are sufficiently! intrepid to talk about ‘gut origin 
septic states.’ That sounds like it is there; it sounds to me like it is all 
there. Is it there, Dr. Deitch? Can we say that out loud in public? Are 
people going to point at us and smile condescendingly later on? Have 
you, indeed, satisfied your own stringent criteria for proof, and if not, 
what is the next step? 

I work with a group that is studying this. I watch them. Dr. Herndon, 
Dr. Townsend, and their colleagues have been working on this for some 
time, and we are very involved in the mechanisms by which these changes 
occur. But the question is, can we begin to think of it as a real thing? 
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DR. GEORGE M. WATKINS (Easton, Pennsylvania): Dr. Fine’s work, 
in part, was discredited because it was not thought to be applicable to 
humans, as was just mentioned. 

As much as I would like to believe the work, it was done in rapidly 
growing animals who were very young and should have been gaining a 
lot of protein mass. They had different flora from humans, and their 
substrate systems are quite different. For example, the refeeding syndrome 
won't occur in rats as it will in humans or pigs. 

This is a type of problem that cries for autopsy confirmation in humans 
dying of ARDS. 

Can you, in individuals who are dying of ARDS in your institution, 
replicate the lymph nodes, intestinal and liver findings that you reported 
in animals? 


Dr. E. A. DEITCH (Closing discussion): Because there is not adequate 
time to answer all the questions posed, I will limit my responses to the 
high points. | 

Dr. Alexander asked several critical questions, one of which concerned 
whether altered intestinal permeablility and translocation was related to 
a change in intestinal blood flow. Unfortunately we have not done any 
hemodynamic studies outside of measuring the blood pressure in these 
animals. I hope, as I speak, we are doing some microsphere studies to 
evaluate intestinal blood in this model because we suspect that altered 
intestinal blood flow may be important in the evolution of loss of intestinal 
barrier function. 

The answer to the question of whether mucosal ulceration must be 
present for bacterial translocation to occur is no. In previous work, we 
have documented that intestinbal permeability can be increased, allowing 
bacteria translocation to occur in the absence of gross mucosal ulceration. 

The questions about the route of translocation and the role of endox- 
toxin in our model are intersting. We have just completed some exper- 
iments looking at the route of bacerial translocation in rats receiving 
increasing doses of zymosan. What we found was that at low doses bac- 
terial translocation appears to occur primarily via the intestinal lym- 
phatics. However as the dose of zymosan is increased portal vein bac- 
teremia occurs. And at high doses of zymosan the portal route of bacterial 
translocation is major route of translocation. Looking at this data in 
another way, bacterial translocation occurs predominantly via the lym- 
phatics in conditions associated with increase mucosal permeability but 
not gross ulcerations. However, in conditions in which mucosal ulcer- 
ations occur, bacteria translocate via both the lymphatics and blood 
stream. 

We have no data on endotoxin translocation. However, this is an 
important area for study because gut-derived endotoxemia as well as 
intestinal bacteria may also serve as triggers to induce multiple-organ 
failure. Thus I believe that as we begin to unravel the role of endotoxin 
as well as bacterial translocation in the pathogenesis of organ failure, we 
will be able to answer the question raised by Dr. Flint concerning the 
biologic relevance of gut barrier failure to disease in humans. 

The questions raised by Dr. Drucker concerning the role of the liver 
in the evolution of clinical disease after gut-barrier failure are very im- 
portant. Clerarly as long as the Kuppfer cells of liver can extract portal 
bacteria and endotoxin, the host will be protected. However, once liver 
failure occurs, bacteria and endotoxin escaping from the gut will be able 
to reach the systemic circulation where they may exert a deleterious 
effect. We are beginning studies evaluating the gut-liver axis. 

I always enjoy Dr. Thompson’s comments and questions. Can we 
satisfy Koch’s postulates? I think we are getting close, although we are 
not there yet. For example, by administering antibiotics, we have increased 
survival in some of our lethal models of bacterial translocation. Thus I 
am becoming convinced that the bacteria leaving the gut may be clinically 
significant. 

Dr. Watkins, there have been three human studies published in which 
bacteria were cultured from the mesenteric lymph nodes in patients. 
Two were performed in patients with inflammatory bowel disease and 
one was performed by us in patients with simple bowel obstruction. In 
addition human studies have been published documenting that intestinal 
permeability is altered after burn injury or endotoxin challenge. Autopsy 
studies have clearly shown that the histologic changes we see in our 
experimental models are very similar to those found in patients. 
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From 1980 to 1989, 240 adult patients underwent splenorrhaphy 
at one urban trauma center. This represents 43.4% of all splenic 
injuries seen during this time interval. Splenic injuries were 
graded I to V, and splenorrhaphy was attempted except when 
the spleen was shattered or when multiple injuries with associated 
hypotension were present. Penetrating wounds, blunt trauma, or 
iatrogenic/unknown etiologies were present in 54.2%, 41.6%, 
and 4.2% of patients, respectively. Grade I or II injuries were 
present in 51.7% of patients, grade III in 34.6%, grade IV or V 
in 9.6%, and unknown grade in 4.1%. The technique of splenor- 
rhaphy was simple suture (usually chromic) with or without the 
addition of topical hemostatic agents in 200 patients (83.3%), 
topical agents alone in 12 (5%), unknown type of repair in 12 
(5%), compression, cautery, or nonbleeding injury in 9 (3.8%), 
and partial or hemisplenectomy in 7 (2.9%). Postoperative re- 
bleeding occurred in three patients (1.3%) with grade IT, III, and 
IV injuries, respectively, and led to splenectomy at reoperation. 
In another patient who had a hemisplenectomy performed for a 
grade IV injury, subphrenic abscesses and septic shock led to 
the death of the patient. Splenorrhaphy can be safely performed 
in properly selected adult patients after a variety of injuries. The 
risk of rebleeding is practically nil when the spleen is fully mo- 
bilized and visualized during repair. 


NTEREST IN PRESERVATION of the injured adult spleen 

at operation was prompted by the excellent results 

obtained with splenorrhaphy in infants and children 
during the 1970s.'~ The impetus to perform splenorrhaphy 
was the recognized risk of developing overwhelming post- 
splenectomy infection (OPSI) in the pediatric group after 
a splenectomy had been performed.*”’ 

In the adult group, the risk of OPSI is extraordinarily 
low.®-'© Yet concern about the possibility of OPSI, coupled 
with the recognized diffuse immunologic deficits resulting 
from splenectomy in adults, as well as children,” has 
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prompted increased use of splenorrhaphy in the past 10 
years.” 8 Despite this, the safety of the approach has been 
questioned.” 

Splenorrhaphy in adults was initiated in 1980 at the 
Ben Taub General Hospital, a level I trauma center affħl- 
iated with the Baylor College of Medicine in Houston, 
Texas. This is a report of a 9-year experience with 240 
adult patients undergoing splenorrhaphy. The first 136 
patients have been described previously in a report em- 
phasizing a comparison of patients undergoing splenor- 
rhaphy versus those undergoing splenectomy.** It was 
noted that splenorrhaphy was generally performed in pa- 
tients with a smaller number of associated intra-abdom- 
inal injuries and the less severe grades of splenic injury. 
In contrast, splenectomy was generally required in patients 
with multiple associated intra-abdominal injuries and the 
more severe grades of splenic injury. The current report 
emphasizes the technique and safety of splenorrhaphy 
performed in the adult. 


Methods 


Resuscitation, diagnosis, and treatment of all patients 
with splenic injuries during this time interval were similar, 
with the exception of increasing use of abdominal com- 
puted tomographic (CT) scanning for diagnosis in stable 
patients with blunt abdominal trauma during the last 3 
years of the study.?4??-# 

Hypotensive patients were resuscitated with warmed 
crystalloid solutions and, if required, type-specific packed 
red blood cells. Intravenous pyelography was performed 
before surgery in all stable patients with penetrating ab- 
dominal wounds or with hematuria after suffering blunt 
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trauma. Perioperative antibiotics were given to all patients 
with penetrating wounds under one of several rigidly con- 
trolled protocols**** and to most patients with blunt 
trauma. 

Patients with obvious signs of intra-abdominal hem- 
orrhage, peritonitis, or significant evisceration after gun- 
shot wounds, stab wounds, or blunt trauma, or asymp- 
tomatic patients with obvious peritoneal traverse of a 
missile on physical examination or X-ray underwent op- 
eration after resuscitation. Asymptomatic patients with 
stab wounds to the anterior abdomen, lower chest, and 
flanks that penetrated the peritoneum on local wound 
exploration or were in proximity to the peritoneal cavity 
were evaluated by the technique of open diagnostic peri- 
toneal tap/lavage.*! Asymptomatic patients with blunt 
trauma to the abdomen and injury to the head or spinal 
cord or an altered sensorium were also evaluated by the 
technique of open diagnostic peritoneal tap/lavage or ab- 
dominal CT scanning. Nonoperative management of 
documented splenic injuries was performed on isolated 
patients during the last 3 years of the study. 

Celiotomy was performed through a midline incision 
in all patients. When a splenic injury was noted, the spleen 
was mobilized, the attached clot removed, and the mag- 
nitude of the injury graded in the following fashion as 
modified from Shackford et al.*’*4 


Grade I. Capsular tear or minor parenchymal laceration 
Grade II. Capsular avulsion or moderate parenchymal 
laceration 
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FIG. 1. Grade I injury of inferior pole of spleen was the only source of 
the 2000-mL intra-abdominal blood loss. 
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FIG. 2. Chromic suture repair of grade I injury in Figure 1. 


Grade III. Major parenchymal fracture or laceration or 
through-and-through gunshot or stab wound 

Grade IV. Severe parenchymal stellate fracture, crush, 
bisection, or hilar injury 

Grade V. Shattered or crushed spleen 


It should be noted that the currently available Splenic 
Injury Scale developed by the Organ Injury Scaling Com- 
mittee of the American Association for the Surgery of 
Trauma was developed as the present study was being 
completed.*8 

Splenectomy was performed for grade V injuries, in 
hypotensive multiply injured patients with varying grades 
of splenic injury, or when splenorrhaphy was unsuccessful. 
Closed suction drainage was occasionally used for a 24- 
hour period after isolated splenectomy. If both an injured 
spleen and distal pancreas were removed, open Penrose 
drainage was performed for 10 to 14 days. 

Sometimes small nonbleeding splenic injuries were ob- 
served or temporarily packed during celiotomy, and no 
mobilization was performed. In all other stable patients, 
splenorrhaphy was attempted after mobilization and 
grading. Grade I (Fig. 1) injuries were commonly repaired 
with compression, cautery, and the use of one of the fol- 
lowing suture sizes and materials applied in a continuous 
or interrupted fashion (Fig. 2): 1, 0, 00, or 000 chromic: 
00 or 000 polyglactin 910 or polyglycolic acid; 00 or 000 
polydioxanone; or 000 polypropylene. Grade II injuries 
were usually treated with the same suture techniques, 
sometimes buttressed with a viable omental pedicle, or 
application of topical agents such as absorbable gelatin 
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FIG. 3. Both chromic sutures and topical Surgicel were used to repair a 
grade II injury (From Hurst J. Common Problems in Trauma, 1987, 
with permission by Year Book Medical Publishers, Inc.). 
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sponge (Gelfoam; Upjohn Co., Kalamazoo, MI), oxidized 
regenerated cellulose (Surgicel; Johnson & Jonhson Prod- 
ucts, Inc., New Brunswick, NJ), microfibrillar collagen 
(Avitene, Alcon Laboratories, Inc., Humacao, Puerto 
Rico), or an experimental hemostatic sponge (Davis & 
Geck, Wayne, NJ) (Fig. 3). Grade III injuries were usually 
repaired with the same suture techniques, again with oc- 
casional use of a viable omental pedicle as a buttress or 
the application of absorbable polyglactin 910 mesh (Vicryl 
mesh, Ethicon, Inc., Somerville, NJ). Grade IV injuries 
were usually repaired with sutures alone (Figs. 4 and 5); 
however often they required ligation of segmental blood 
vessels (Fig. 6), resection of the devitalized segment with 
the cautery, suture ligation of bleeding points in the pa- 
renchyma, and 00 or 000 chromic suture applied in a 
through-and-through continuous or vertical mattress 
fashion for hemostatic control of the remaining debrided 
end. These sutures were sometimes buttressed with Sur- 
gicel, absorbable polyglactin mesh (Fig. 7), or Teflon strips 
(when the splenic capsule was friable; Fig. 8). Splenic ar- 
tery ligation was not used in this series, and drains were 
rarely placed after splenorrhaphy was performed. 





FIG. 4. Rupture of subcapsular hematoma resulting in grade IV injury in hilum of spleen (Photo courtesy of Tomas D. Martin, M.D., University of 


Florida College of Medicine, Gainesville, FL). 
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FIG. 5. Evacuation of subcapsular hematoma and suture splenorrhaphy of grade IV injury in Figure 4 (Photo courtesy of Tomas D. Martin, M.D., 
University of Florida College of Medicine, Gainesville, FL). 





" 


FIG. 6. Sharp demarcation after ligation of segmental blood supply to FIG. 7. Hemisplenectomy performed for injured spleen in Figure 6 with 
grade IV injury involving inferior pole of spleen (From Hurst J. Common bleeding from raw edge controlled by continuous chromic suture and 
Problems in Trauma, 1987, with permission by Year Book Medical Pub- absorbable mesh (From Hurst J. Common Problems in Trauma, 1987, 


lishers, Inc.). with permission by Year Book Medical Publishers, Inc.). 
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FiG. 8. Partial splenectomy performed for grade IV injury involving 
inferior pole of spleen with raw edge controlled by vertical mattress 
chromic sutures applied through Teflon strips (From Schwartz SI, Ellis 
H. Maingot’s Abdominal Operations, 1989, with permission from Ap- 
pleton & Lange). 


Postoperative rebleeding was defined as that originating 
in the repaired spleen and mandating reoperation. Post- 
operative intra-abdominal abscesses were diagnosed by 
ultrasound, CT, or reoperation. 

Data reviewed in this study was obtained from indi- 
vidual patient charts and included demographics of the 
patient population, mechanism of injury, grade of injury, 
technique of repair, description of major intra-abdominal 
complications, mortality, and cause of death. 


Results 


From January 1, 1980 to January 1, 1989, 240 adult 
patients (27 patients per year) underwent splenorrhaphy 
(Table 1). The total number of splenectomies performed 
for splenic injury during the same interval of time was 
313; hence splenorrhaphy was performed in 43.4% of all 
patients with splenic injuries. The average age of patients 
was 30 years, and 82% were male. The mechanism of 
injury was a penetrating wound in 130 patients (54.2%), 
blunt trauma in 100 patients (41.6%), and iatrogenic or 


TABLE |. Splenorrhaphy, 1980-1989 


1980 27 1985 23 
1981 33 1986 22 
1982 30 1987 28 
1983 32 1988 20 
1984 25 


———————————————— 
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TABLE 2. Mechanism of Injury 


Mechanism Number 


Penetrating 130 (54.2%) 


SW 70 (29.2%) 

GSW 57 (23.8%) 

SGW 3 (1.2%) 
Blunt 100 (41.6%) 
latrogenic/Unknown 10 (4.2%) 
Total 240 (100.0%) 


SW, stab wound; GSW, gunshot wound; SGW, shotgun wound. 


unknown in 10 patients (4.2%) (Table 2). Grade I injuries 
were present in 50 patients (20.8%), grade II in 74 (30.8%), 
grade III in 83 (34.6%), grade IV in 22 (9.2%), grade V in 
1 (0.4%), and unknown grade in 10 (4.2%) (Table 3). Using 
the grading system, it was found that 86.2% of splenor- 
rhaphies were performed in patients with injuries graded 
I to HI. 

The most common type of repair was by suture, with 
or without the addition of a topical hemostatic agent, in 
200 patients (83.3%) (Table 4). Adjuncts to suture sple- 
norrhaphy included the application of Vicryl mesh in 
three patients (1 grade II; 1 grade III; and 1 grade IV) of 
the 200 patients (Fig. 7). Also a viable omental pedicle 
was used to buttress the suture splenorrhaphy in seven (1 
grade I; 2 grade II; 3 grade III; and 1 grade IV) of the last 
104 patients added since the 1985 publication (Fig. 9); 
this data is not available for the first 136 patients. Topical 
hemostatic agents alone were used in 12 patients (5%), 
an unknown type of repair in another 12 (5%), compres- 
sion or cautery for slightly oozing injuries in 9 (3.8%), 
and partial or hemisplenectomy in 7 (2.9%) (5 grade IV; 
| grade V; and 1 grade II). After partial or hemisplenec- 
tomy the open end of the remnant was closed with mat- 
tress sutures (#3), mattress sutures over Surgicel (#2), 
continuous suture over Vicryl mesh (#1) (Fig. 7), and 
mattress sutures through Teflon pledgets (#1) (Fig. 8). 

Splenorrhaphy and splenectomy were performed with 
similar frequencies in patients with penetrating wounds 
(Table 5). In contrast patients with a blunt mechanism 
of injury underwent splenectomy 1.6 times as often as 
splenorrhaphy. This data is similar to that in our first 
report on splenorrhaphy in 1985.>4 


TABLE 3. Grading of Splenic Injuries 





Grade Number 
I 50 (20.8%) 
II 74 (30.8%) 
I 83 (34.6%) 
IV 22 (9.2%) 
V 1 (0.4%) 
Unknown 10 (4.2%) 
Total 240 (100.0%) 
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TABLE 4. Technique of Splenorrhaphy 





Treatment Number 





200 (83.3%) 
7 (data on last 104 
patients only) 


Suture with or without topical agent 
Viable omental pedicle 


Vicryl mesh 3 
Topical agent 12 (5.0%) 
Unknown 12 (5.0%) 
Compression/cautery 9 (3.8%) 
Partial or hemisplenectomy 7 (2.9%) 
Mattress suture 3 
Mattress suture with Surgicel 2 
Continuous suture with Vicryl mesh I 
Mattress suture through Teflon pledgets l 
Total 240 (100.0%) 





One intraoperative complication related to splenorrha- 
phy occurred. In a 57-year-old woman undergoing resec- 
tion of a right adrenal pheochromocytoma, an iatrogenic 
grade I injury of the inferior pole of the spleen occurred 
while the left adrenal area was also being explored. More 
than | hour of operating time and four units of packed 
red blood cell transfusion were necessary as splenorrhaphy 
was performed because of the brittle nature of the splenic 
capsule. It is of interest that a failed attempt at splenor- 
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rhaphy in another 28-year-old woman with a grade IV 
injury (Fig. 9) took more than 2 hours of operating time 
and seven units of packed red blood cell replacement. 
Because this patient eventually underwent splenectomy 
at the same operation, she is not included in the present 
series of repairs. In both of the patients described, the 
length of operating time and loss of blood during at- 
tempted splenorrhaphy were clearly inappropriate. 

The major postoperative bleeding complications in the 
240 patients with splenorrhaphy are summarized in Table 
6. While five patients required reoperation, the repaired 
spleen was found to be the source in only three (3 of 240, 
1.3%). The first was in a 23-year-old man who had a grade 
II injury from multiple stab wounds of the abdomen. Two 
separate suture splenorrhaphies were performed success- 
fully, but a posterior capsular avulsion was missed because 
of incomplete mobilization and was the source of the 
postoperative hemorrhage. The second was in a 24-year- 
old man with a grade III injury from blunt trauma sus- 
tained in a motor vehicle accident. Suture splenorrhaphy 
was performed at three separate sites, one of which rebled 
in the early postoperative period. The third was in a 15- 
year-old girl with a grade IV injury from blunt trauma. 
Major suture splenorrhaphy was performed (Fig. 10), but 





FIG. 9. Omental pedicle and peritoneal patch used in attempt to control hemorrhage from grade IV injury of spleen. Continued intraoperative 
transfusion totaling seven units of packed red blood cells eventually led to splenectomy. 
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TABLE 5. Mechanism Versus Treatment 
Mechanism Splenorrhaphy Splenectomy 
Penetrating 130 (47.8%) 142 (52.2%) 
Blunt 100 (38.5%) 160 (61.5%) 
latrogenic/unknown 10 (47.6%) 11 (52.4%) 
Total 240 (43.4%) 313 (56.6%) 


the patient bled from a ruptured subcapsular hematoma 
distant from the previous repair on the second postop- 
erative day. 

Other major intra-abdominal complications in the se- 
ries included four patients with subphrenic (3) or drain 
tract (1) abscesses. One of the former patients also suffered 
a dehiscence of his abdominal incision. There was one 
other patient who developed an early postoperative small 
bowel obstruction that required reoperation. Finally, there 
were three patients (1.3%) who suffered wound infections. 
Two of these patients had suture splenorrhaphy as well 
as the application of absorbable polyglactin mesh to the 
injured spleen during a 1-week period in December, 1984; 
however the causal relationship is unclear. 

There was one death in the series in which the sple- 
norrhaphy was a factor. The patient was a 49-year-old 
man who sustained blunt abdominal trauma in a motor 
vehicle accident. On the fourth hospital day of observa- 
tion, his hematocrit level decreased, an emergent CT scan 
revealed a splenic injury, and he underwent a hemisple- 
nectomy for a grade IV injury. He developed adult re- 
spiratory distress syndrome and an ultrasound of the ab- 
domen on the eighth postoperative day revealed bilateral 
subphrenic and pelvic fluid collections. At the time of 
reoperation, the viability of the splenic remnant was 
questionable. A completion splenectomy and drainage of 
the abscesses were performed, but the patient died 14 days 
after operation. 

Five other deaths occurred after splenorrhaphy, yielding 
a mortality rate of 2.5% in the series. Causes of death 


TABLE 6. Bleeding After Splenorrhaphy 


Grade of 
Splenic Injury Postoperative Complication 
Bleeding 
1. Grade III Required 2 units of RBC transfusion. No reoperation. 
2. Grade IV Required 3 units of RBC transfusion. No reoperation. 


3. Unknown Postoperative bleeding. Reoperation documented that 
splenorrhaphy was not the source. 

Postoperative bleeding. Reoperation documented that 
bleeding was from shotgun wound pellet eroding 


splenic artery. Reoperation with splenectomy. 


4. Unknown 


5. Grade II Missed posterior capsular avulsion. Reoperation with 
splenectomy. 

6. Grade III Persistent hemorrhage from one site (three repaired). 
Reoperation with splenectomy. 

7. Grade IV Ruptured subcapsular hematoma at distant site. 


Reoperation with splenectomy. 
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Fic. 10. Grade IV injury treated with multiple sutures. Patient bled from 
ruptured subcapsular hematoma at a distant site on the second post- 
operative day and required reoperation with splenectomy, 


included hemorrhagic shock (2), closed head injury and 
renal failure (1), closed head injury (1), and adult respi- 
ratory distress syndrome (1). 


Discussion 


The history of splenorrhaphy has been summarized in 
depth by Sherman.” Tamponade, suture splenorrhaphy, 
and partial splenectomy were reported in the European 
surgical literature before 1900.*° Eminent American sur- 
geons such as Nicholas Senn in Chicago and William J. 
Mayo in Rochester subsequently reported successful sple- 
norrhaphies before 1910.-48 The ease of splenectomy, 
however, and the prevailing knowledge that removal of 
the spleen did not cause any harm to the patient prompted 
the use of this technique in preference to splenorrhaphy 
for the next 50 years.” 

In 1962, Christo’s report’ of eight partial splenectomies 
after trauma prompted renewed interest in splenorrhaphy. 
His success was based on anatomic studies, reported in 
both the European and American literature, which doc- 
umented the segmental arterial supply of the spleen.*! As 
previously mentioned, many reports of successful pedi- 
atric and adult splenorrhaphy followed and have persisted 
to the present time.!~*?4-** 

Theoretical reasons to repair the injured spleen and 
avoid splenectomy include the risk of OPSI, the ill-defined 
risk of other related immunologic deficits, and eliminating 
the intra-abdominal septic problems associated with sple- 
nectomy—namely, subphrenic abscesses. In recent epi- 
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demiologic series in adults, the risk of late OPSI or severe 
infection after splenectomy has been 2.2% (including both 
trauma and incidental splenectomies),* 2.2% (OPSI only 
after trauma splenectomy),’? 2.5% (trauma splenec- 
tomy),'! 2.1% (trauma splenectomy),'? and 5.9% (trauma 
splenectomy).'* These figures are all from tertiary centers 
and may be higher than those found in community hos- 
pitals because of referral patterns.'° Other immunologic 
deficits after splenectomy that may affect the risk of late 
OPSI or serious infections include the decreased im- 
munoglobulin M (IgM) levels, ”™?5%53 decreased response 
of lymphocytes to PHA stimulation,” decreased Tuftsin 
levels,'® decreased properdin levels,°* and decreased im- 
munosuppression.”!°> The incidence of subphrenic ab- 
scesses after trauma splenectomy ranges from 2.3% to 
5.8%;*4°° however recent series have documented that this 
complication is usually a reflection of multiple serious 
intra-abdominal injuries rather than of injury to the spleen 
itself. 13438.57 Because splenectomy will be required more 
commonly when multiple associated intra-abdominal in- 
juries are present and when the spleen is more severely 
injured, this complication related to splenectomy cannot 
be avoided.** Based on the available data, splenectomy is 
to be avoided in infants and children younger than 2 years 
old because of a well-documented increased risk of post- 
operative serious and fulminant infections.*-’>8°? In ad- 
olescents and adults, the risk of such infections is signif- 
icantly less as previously noted; however the multiple im- 
munologic deficits that result, though incompletely 
understood, once again suggest that splenectomy is to be 
avoided and splenorrhaphy performed when the clinical 
situation permits. 

Once splenorrhaphy is to be attempted, mobilization 
of the spleen into the midline wound is necessary in almost 
all patients. Exceptions would be patients with small non- 
bleeding lacerations or capsular avulsions (grade I or II 
injuries in this series) and little or no blood in the peri- 
splenic area. If careful palpation of the convex lateral sur- 
face of the spleen reveals no further injuries, intraoperative 
packing of the spleen with removal of the pack to verify 
hemostasis before closure may be justified. This approach 
resulted in one of the three splenorrhaphy failures reported 
in the series and is best restricted to multiply injured pa- 
tients in whom the splenic injury is clearly not a significant 
source of hemorrhage. Mobilization of the injured spleen 
in all other patients thought to be candidates for splenor- 
rhaphy (or splenectomy) is performed by having the sur- 
geon cover the injured spleen with a moist laparotomy 
pad and apply medial traction with his left hand.®-*! Sharp 
division of the lienorenal and phrenicolienal ligaments 
with concomitant finger dissection posterior to the at- 
tached pancreas will allow partial mobilization of the in- 
jured spleen and tail of the pancreas into the midline 
wound. A complete view of the injured spleen is best ob- 
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TABLE 7. Techniques for Splenorrhaphy 


Topical Agents 
Gelfoam®; Surgicel®; Avitene®; Collastat®™*?* 
Fibrin sealant (glue)°>° 
Porcine-derived dermal collagen 
Electrocautery 
Argon Beam Coagulator’’ 
Suture Splenorrhaphy 
Continuous or horizontal mattress 
Adjuncts—Viable omental plug; Teflon pledgets 
Meshes 
Absorbable—Polyglactin; polyglycolic acid’?”* 
Nonabsorbable—Teflon”* 
Partial or Hemisplenectomy 
Segmental vessel ligation, resection, mattress sutures?’ 
Stapler”? 
Ultrasonic surgical aspirator” 
Laser” 


1,62 


tained by dividing the most superior short gastric vessels 
that are attached to the fundus of the stomach, as well as 
the lienocolic ligament inferiorly. The fully mobilized 
spleen is then inspected and the appropriate grade from 
the newly described Splenic Injury Scale is applied.’ Use 
of a standardized grading system allows for continuing 
evaluation of results in one hospital as well as comparison 
of results between two or more hospitals. Ifa small amount 
of clot is present over the injury and no active hemorrhage 
is occurring, then intraoperative packing as described 
above is justified. More significant amounts of clot in- 
evitably cover more significant injuries and are best re- 
moved manually. Options for splenorrhaphy continue to 
evolve but can be divided into the following groups at the 
present time (Table 7): (1) application of topical agents; 
(2) electrocautery; (3) suture splenorrhaphy; (4) applica- 
tion of meshes; and (5) partial resection.® All of these 
options are based on the fact that healing of the repaired 
spleen is relatively rapid and complete.® 

A large number of topical agents, including those men- 
tioned in the Methods section as well as native collagen 
(Collastat, American Medical Products Corporation, 
Freehold, NJ), fibrin glue, and porcine-derived dermal 
collagen have been used successfully in controlling splenic 
hemorrhage in laboratory and clinical settings.°°°*° 

Standard electrocautery has sometimes been used to 
attain hemostasis in some grade I injuries but is not con- 
sidered to be definitive therapy for more severe injuries. 
Recently, Pickhardt et al.” have commented on the ef- 
ficacy of the Argon Beam Coagulator (Bard Electro Med- 
ical Systems, Englewood, Co.) in controlling hemorrhage 
from parenchyma under capsular avulsions. 

Suture splenorrhaphy, the most commonly used type 
of repair in the series reported, is most easily accomplished 
with 0 or 00 chromic suture as previously noted, much 
as with hepatic or renal repairs.**°° A continuous suture 
technique is useful to reapproximate parenchyma and 
capsule when superficial or moderate-depth (1 to 3 cm or 
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grade II in new Splenic Injury Scale) lacerations are pres- 
ent. With deeper lacerations, selective ligation of paren- 
chymal bleeders, followed by the insertion of horizontal 
mattress sutures, will usually be adequate to obtain he- 
mostasis. Should the capsule of the spleen tear as these 
large sutures are tied down, the placement of a viable 
omental pedicle into the laceration or placing the sutures 
through Teflon pledgets will be a valuable adjunct. "6? 

Absorbable polyglactin and polyglycolic acid meshes, 
permanent meshes, and salvaged splenic capsule have all 
been used with success in attaining splenic hemosta- 
sis.’°-’> The absorbable meshes have most commonly been 
used to bring gaping lacerations together and exert a tam- 
ponade effect by wrapping the entire spleen and sewing 
the two edges of the mesh together.’’-’*? The semi-rigid 
Teflon mesh has been used to exert a circumferential con- 
stricting effect around the raw edge of the spleen after 
partial splenectomy.’* Finally autologous splenic capsule 
can be salvaged from amputated parts and once again be 
used to cover the raw edge of the spleen after partial sple- 
nectomy.”° 

Partial or hemisplenectomy is necessary when injuries 
to hilar vessels or the superior or inferior poles of the 
spleen are present and was the least commonly used tech- 
nique of splenorrhaphy in the present series.**°? The short 
gastric vessels are ligated and divided to allow for complete 
visualization of the hilum. The splenic artery in the hilum 
most commonly (70%) divides in the shape of the letter 
Y, so that there are two major branches approaching the 
edge of the spleen.’° Each of these branches subsequently 
divides into smaller segmental arteries at the edge of the 
spleen itself. A less common configuration (20%) is in the 
shape of the letter T in which the splenic artery divides 
into superior and inferior branches at the edge of the 
spleen. No matter which pattern is present, partial sple- 
nectomy is initiated by ligating the segmental branch to 
the injured, avulsed, or partially devascularized segment.” 
The spleen will clearly demarcate into viable and non- 
viable fragments (Fig. 6), and the latter is removed with 
the knife or cautery as the surgeon or assistant compresses 
the edge of the viable fragment. Selective ligation of 
bleeding points in the raw edge of the viable fragment is 
performed using either silk or chromic sutures. Complete 
hemostasis often requires the passage of vertical mattress 
sutures through Teflon strips placed on the anterior and 
posterior surfaces of the remaining spleen. An alternative 
approach is to apply an absorbable mesh or the previously 
mentioned autologous capsule from the resected portion 
to the raw surface of the remnant. In recent years other 
approaches to partial splenectomy have included use of 
the 90-mm linear autostapler or ultrasonic surgical aspi- 
rator.’*’? Finally the laser has been used with success in 
partial splenic resection in dogs; however its role in hu- 
mans is still unclear.” 
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One concern with partial or hemisplenectomy is that 
splenic immunity is maintained only when a critical mass 
of splenic tissue is left in situ attached to the splenic artery. 
Available laboratory data suggests that a 33% or larger 
remnant attached to the splenic artery will protect against 
an intravenous challenge with type III Streptococcus 
pneumoniae.®°-* Therefore the exact role of splenic artery 
ligation to attain hemostasis after a partially successful 
splenorrhaphy must remain in question. Function of 
the splenic remnant in situ may be assessed by microscopic 
observation of the peripheral blood smear (absence of 
Howell-Jolly bodies and target cells; normal platelet 
count),®* measurement of IgM levels and, theoretically, 
by I'*°-tagged attenuated pneumococcal clearance stud- 
ies,®° all of which have been used in the evaluation of 
autotransplanted splenic remnants after clinical or labo- 
ratory splenectomy. Witte el al.8 have recently described 
the use of technetium-labeled heat damaged red blood 
cells in evaluating splenic remnants in sifu, as well as au- 
totransplants. Using this technique a red blood cell uptake 
of less than 15% suggested marginal splenic trapping 
function and probable vulnerability to overwhelming 
sepsis. 

In the study reported herein only three patients (1.3%) 
undergoing splenorrhaphy underwent delayed splenec- 
tomy for continuing hemorrhage from the repaired spleen. 
If the patient dying from subphrenic abscesses and con- 
tinuing sepsis is included as an adverse outcome of sple- 
norrhaphy, the technique was harmful to 1.7% of all 
patients. Beal has recently raised the concern about con- 
tinuing postoperative transfusion requirements presum- 
ably due to incomplete hemostasis after splenorrhaphy.*° 
In her series of 119 patients who underwent some form 
of operative repair (nonbleeding splenic injuries excluded), 
11 (9.2%) required postoperative transfusions and four 
(3.4%) of these had reoperation for bleeding. She suggested 
that Luna and Dellinger’s calculated septic death rate of 
0.026% in adults after splenectomy was substantially less 
than the risks of hepatitis B and non-A,non-B hepatitis 
secondary to continued postoperative transfusion.*®*’ 
Data on postoperative transfusions after splenorrhaphy is 
not reported in most studies published in the last 10 
years,”°-*3:3537 but is available in this study as well as in 
one other recent study. Molin and Shackford** noted 
that “the San Diego data suggest that splenorrhaphy can 
be safely performed with an average transfusion rate of 
<1 unit and a reoperation rate of less than 2.5% in patients 
with both multiple injuries and isolated splenic injury.” 
In the present study if one counts the patient receiving 
excessive intraoperative transfusion (1), the patients re- 
ceiving postoperative transfusion without reoperation (2), 
the patients undergoing reoperations that documented 
that the spleen was not the source of hemorrhage (2), and 
the patients undergoing reoperation with splenectomy for 
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TABLE 8. Results of Splenorrhaphy 





Author Year Splenic Injuries 
Giuliano% 1981 92 
Shackford?’ 1981 85 
Oakes?’ 1981 24 
Pachter”? 1981 27 
Traub? 1982 272 
Barrett*” 1983 36 
Kreis?’ 1987 85 
Beal*® 1988 — 
Pickhardt*’ 1989 314 
Molin?’ 1989 412 
Felicianot 1989 553 
Pachter} 1989 152 
Total 2052 


* No percentage given because data on the total number of spleens is 
incomplete. 
+ Data on reoperations for bleeding complete: therefore percentage 


splenorrhaphy failure (3), the risk of postoperative re- 
bleeding was 3.3% (8 of 240). It should be remembered, 
however, that only three patients (1.3%) actually had 
bleeding from the repaired spleen that mandated reop- 
eration. Beal’s concerns are valid, but more data will be 
needed to document that a 9% to 10% rate of postsple- 
norrhaphy transfusion is commonplace. The available 
data on splenorrhaphy from this series and others clearly 
documents that rebleeding mandating reoperation has 
been extraordinarily rare (Table 8).7° 3029-38 

One area of controversy concerning splenorrhaphy in 
adults has been the value of this technique as compared 
to nonoperative management of the injured spleen. Based 
on the availability of modern CT scanners to precisely 
define the magnitude of splenic injuries, many reports 
have documented the indications for and contraindica- 
tions to this approach.’’-!°? Most reports have been fa- 
vorable;8??!:93-99:!02-103 however others have been mixed 
or unfavorable.?®??!00.101 The latter reports have docu- 
mented that in-hospital blood loss and length of hospi- 
talization are greater in observed patients eventually 
coming to operation compared to those undergoing early 
operation with splenorrhaphy. The solution to this prob- 
lem will likely be more precise CT categorization of blunt 
splenic injuries as experience with the nonoperative ap- 
proach in adults increases.?”!°! 

In summary a review of a 9-year experience with sple- 
norrhaphy in one trauma center has led to the following 
conclusions: 


1. Splenorrhaphy was performed in 43.4% of all pa- 
tients with splenic injuries and was used more com- 
monly in patients with a penetrating mechanism of 
injury (47.8% versus 38.5% blunt). 

2. Using the grading system described, 86.2% of sple- 
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Reoperations for 


Splenorrhaphy Bleeding 

33 (35.9%) 0 

43 (50.6%) 0 

20 (83.3%) 1 (5.0%) 

24 (88.9%) 0 

41 (15.1%) 1 (2.4%) 

18 (50.0%) 0 

42 (49.4%) 1 (2.4%) 
119* 4 (3.4%)+ 
155 (49.4%) 4 (2.6%) 

160 (38.8%) 4 (2.5%) 
240 (43.4%) 3 (1.3%) 

102 (67.1%) 2 (2.0%) 
878* (42.8%) 20/9977 (2.0%) 

(does not include Beal data) (does include Beal data) 


can be calculated. 
ł Presented at the 101st Annual Session, Southern Surgical Association, 
Hot Springs, Virginia, December 3-6, 1989. 


norrhaphies were performed in patients with injuries 
graded I to III. 

3. More than 92% of splenorrhaphies were performed 
using simple techniques such as compression, suture 
with or without topical hemostatic agent, or topical 
hemostatic agent alone. 

4. The risk of rebleeding is practically nil when the 
spleen is fully mobilized and visualized during re- 
pair. 

5. Splenorrhaphy in preference to splenectomy is rec- 
ommended whenever the condition of the patient 
and spleen allow. 
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DISCUSSION 


Dr. TIMOTHY C. FABIAN (Memphis, Tennessee): Some of my com- 
ments apply to both the presentations, but I would first like to applaud 
Dr. Feliciano for another one in a series of excellent presentations he 
has given here and to other organizations. 

I also highly recommend the manuscript to those in the audience 
because it is a well-written, scholarly work, a good review of the literature 
of the whole problem. 

We certainly agree that splenorrhaphy can and should be performed 
in a significant number of trauma cases. In Memphis we are similarly 
using repair in 40% to 50% of patients with splenic injuries. However 
most of ours are like the ones David presented, patients with fairly min- 
imal injuries in grades I to III. Although overwhelming postsplenectomy 
infection may not be completely a strawman that we have conjured up 


Ann. Surg. e May 1990 


function by autotransplantation of traumatized spleen in man. 
Surgery 1981; 90:683-688. 

85. Velcek FT, Kugaczewski JT, Jongco B, et al. Function of the re- 
planted spleen in dogs. J Trauma 1982; 22:502-510. 

86. Witte CL, Witte MH, McNeil GC, et al. Splenic salvage quantified 
by uptake of heat-damaged radiolabeled red blood cells. Exper- 
imental and clinical studies. Am J Surg 1988; 155:303-310. 

87. Luna GK, Dellinger EP. Nonoperative observation therapy for 
splenic injuries: a safe therapeutic option? Am J Surg 1987; 153: 
462-468. 

88. Jeffrey RB, Laing FC, Federle MP, Goodman PC. Computed to- 
mography of splenic trauma. Radiology 1981; 141:729-732. 

89. Morgenstern L, Uyeda RY. Nonoperative management of injuries 
of the spleen in adults. Surg Gynecol Obstet 1983; 157:513-518. 

90. Malangoni MA, Levine AW, Droege EA, et al. Management of 
injury to the spleen in adults. Results of early operation and 
observation. Ann Surg 1984; 200:702-705. 

91. Zucker K, Browns K, Rossman D, et al. Nonoperative management 
of splenic trauma. Conservative or radical treatment? Arch Surg 
1984; 119:400-404. 

92. Mahon PA, Sutton JE Jr. Nonoperative management of adult 
splenic injury due to blunt trauma: a warning. Am J Surg 1985; 
149:716-721. 

93. Mucha P Jr, Daly RC, Farrell MB. Selective management of blunt 
splenic trauma. J Trauma 1986; 26:970-979. 

94. Mucha P Jr. Changing attitudes toward the management of blunt 
splenic trauma in adults. Mayo Clin Proc 1986; 61:472-477. 

95. Moss JF, Hopkins WM. Nonoperative management of blunt splenic 
trauma in the adult: a community hospital’s experience. J Trauma 
1987; 27:315-318. 

96. Kidd WT, Lui RCK, Khoo R, Nixon J. The management of blunt 
splenic trauma. J Trauma 1987; 27:977-979. 

97. Splenic Injury Study Group. Splenic injury: a prospective multi- 
centre study on nonoperative and operative treatment. Br J Surg 
1987; 74:310-313. 

98. Wiebke EA, Sarr MG, Fishman EK, Ratych RE. Nonoperative 
management of splenic injuries in adults: an alternative in selected 
patients. Am Surg 1987; 53:547-552. 

99. Buntain WL, Gould HR, Maull KI. Predictability of splenic salvage 
by computed tomography. J Trauma 1988; 28:24-34. 

100. Nallathambi MN, Ivatury RR, Wapnir I, et al. Nonoperative man- 
agement versus early operation for blunt splenic trauma in adults. 
Surg Gynecol Obstet 1988; 166:252-258. 

101. Resciniti A, Fink MP, Raptopoulos V, et al. Nonoperative treatment 
of adult splenic trauma: development of a computed tomographic 
scoring system that detects appropriate candidates for expectant 
management. J Trauma 1988; 128:828-831. 

102. Elmore JR, Clark DE, Isler RJ, Horner WR. Selective nonoperative 
management of blunt splenic trauma in adults. Arch Surg 1989; 
124:58 1-586. 

103. Cogbill TH, Moore EE, Jurkovich GJ, et al. Nonoperative man- 
agement of blunt splenic trauma: a multicenter experience. J 
Trauma 1989; 129:1312-1317. 


to scare ourselves to death, it is very uncommon in otherwise healthy 
adults. There are certain patients who, in fact, we may be hurting by 
depending too much on splenorrhaphy, especially those with more severe 
injuries. That is what I would like to focus on in the remainder of this 
discussion. 

There are real infectious complications associated with transfusions. 
AIDS is a potential problem and we have had to contend with hepatitis 
more and more frequently. Therefore we must look closely at the benefit- 
risk ratio comparing splenectomy with transfusion requirements. 

With those comments in mind, I would like to ask a few questions. 
Were the injuries graded prospectively or retrospectively? If they were 
done retrospectively, I suspect that grades III and IV were, at times, 
somewhat difficult to differentiate. If your operative notes are like ours, 
it is sometimes hard to tell whether the spleen was even operated on. 

Another important focus is the splenectomy group, which you men- 
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tioned in the manuscript, although you didn’t deal with it a lot today. I 
would like to know how many of those splenectomies in your institution 
are really failed attempts at splenorrhaphy. Perhaps the splenorrhapy 
group is not 43%. Maybe it is, in fact, somewhat higher. If so, how much 
blood was lost in those patients before changing plans for repair to re- 
moval? 

As a point for future evaluation, when we are looking at splenectomy 
groups, how do they break down? Where do they fall in the frequency 
distribution of grades I to IV? 

This brings us to an area of practical importance. I suspect that all of 
us agree that the simple injuries can and should be salvaged. But what 
about grade IV injuries? This is the trickiest area. How complex should 
repairs become, and when should they be aborted? Elective hemisple- 
nectomy may be relatively easy to do in children, but it is not quite as 
easy in an adult who is bleeding and has edematous tissues. In fact, one 
of the seven hemisplenectomies here failed and ultimately contributed 
to the patient’s demise. There would have to be a large number of sple- 
nectomies to get to a case of overwhelming postsplenectomy infection 
to counterbalance a death resulting from failed repair. 

Did you look at transfusion requirements in the groups? What do you 
recommend for the patient with grade IV injuries without significant 
injuries to other organs? When should we repair and when should we 
stop? 

These areas dealing with transfusion requirements and failed attempted 
splenorrhaphy are very important and should be addressed, I believe, in 
the future by a thorough prospective analysis in an attempt to unlock 
some of the answers. 


Dr. ALFRED GERVIN (Richmond, Virginia): My congratulations to 
Dr. Feliciano and his associates for a fine presentation (as always) and 
for an outstanding manuscript that details for us the techniques of sple- 
norrahapy. 

The patients have conclusively demonstrated that skilled trauma sur- 
geons at major trauma centers with vast experience in splenorrhaphy 
can achieve excellent results with low rates of morbidity. Testimony to 
this is the fact that in 5% of the current series Dr. Feliciano did not know 
what he did to the patient, yet achieved a superior result. 

What, Dr. Feliciano, are your recommendations for the nontrauma 
surgeon, who is perhaps less experienced in splenorrhaphy, who is faced 
with a grade III or IV splenic injury? Second, if splenorrhaphy is un- 
dertaken unsuccessfully in this situation, when should it be abandoned 
for the more traditional splenectomy? 

On the slide nearest me, John Hunter in 1649 extolled the beautiful 
virtues of blood, praising the Maker for its marvelous qualities and, in 
many respects, assigning to it the attributes of some of our fine Richmond 
Belles. 

Today we realize that blood is perhaps not so beautiful and there are 
major risks associated with transmission of both blood and blood prod- 
ucts. 

These risks include technical error—that is, administration of the wrong 
unit of blood to the wrong patient. More than 350 reports of death in 
this situation are now in the literature. The transmission of AIDS has 
received much recent press attention. However this may be more of an 
emotional than a real issue for us. The actual problem, as we all know, 
is non-A,non-B hepatitis—soon nationally to be termed hepatitis C. This 
risk occurs with the administration of red blood cells, fresh frozen plasma, 
and especially with pooled platelet transfusions in which the risks may 
be increased tenfold because these platelets are pooled from multiple 
donors. 

In addition the immunologic consequences of transfusion, including 
suppression of the septic response and inhabition of wound healing, are 
now becoming apparent to us. 

Recently at our institution we have calculated that the risk of death 
from transfusion-related hepatitis significantly exceeds that of postsple- 
nectomy sepsis if a patient receives more than five units of blood, fresh 
frozen plasma, or blood and fresh frozen plasma in combination, or 
more than one unit of pooled platelets. 

My final question to Dr. Feliciano then is similar then to that of Dr. 
Fabian. Will you share with us the total number of units of all blood 
and blood products, red cells, fresh frozen plasma, and platelets, given 
to your splenorrhaphy patients before, during, and after operation? If 
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that number exceeds five, than the risk of hepatitis-induced death may 
exceed the benefits of your splenorrhaphy. 


Dr. MARK A. MALANGONI (Louisville, Kentucky): My congratulations 
as well to Dr. Feliciano and his coauthors for another important con- 
tribution to the management of the injured patient. 

They have shown that splenic salvage at operation is more common 
for penetrating injuries than for blunt injurues and for minor injuries 
than for major injuries, and that simple techniques of repair suffice in 
most circumstances. The report of a 2% reoperation rate for bleeding is 
actually the same as most older series reported for splenectomy, and I 
don’t think they should be embarrassed by that at all. They recommend 
that repair be done when the condition of the patient and the spleen 
allow, and this should be taken in the context that splenectomy was done 
more often at their institution than splenic repair. 

Dr. Feliciano, you noted a decline in the number of repairs done in 
recent years, and I want to know if that represented a true change and, 
if so, why you believe it has occurred. 

We rarely use suture repair for grade I injuries and grade II injuries 
that are not bleeding actively and rely more on topical hemostatic agents 
for hemostasis in these circumstances. Our complication rates are similar. 
Would you comment on this. 

What would you recommend for a surgeon in a small community 
who encounters an occasional patient who may have a grade III bleeding 
splenic laceration and this surgeon has never seen or performed a splenic 
repair before? 


DR. KIMBALL I. MAULL (Knoxville, Tennessee): I rise to point out a 
technique that was originally described more than a decade ago by Pro- 
fessor Hugh Lynn, a member of this Association. 

For those of you who can see this slide, I suspect many would say this 
spleen should be removed. According to the classification published by 
Buntain and Gould in 1985 in The World Journal of Surgery, this is a 
badly injured spleen of a type III variety with lacerations extending into 
the hilum. 

We use splenorrhaphy, as described by the previous authors, but favor 
the use of pledgets made of small squares of gelfoam wrapped with sur- 
gicel. This is hemostatic and also enables the sutures to compress the 
tissue without pulling through the delicate capsule of the spleen. We 
have had a good deal of experience with this method and favor it over 
simple sutures. I was surprised to see so few spleens treated by splenic 
wrapping. 

Modifying the technique described by Professor Lynn, spinal needles 
are passed from one pole of the spleen out the superior pole of the spleen 
with sutures passed first through pledgets and then tying the sutures 
down to compress the spleen. This technique was used in this particular 
patient with good salvage. 

Two of the important points regarding splenic salvage deserve re-em- 
phasis. The first is mobilization of the spleen. You must get the spleen 
up in the wound. 

The other important factor is that the patient should not have ongoing 
hemorrhage from the spleen. Dellinger’s work suggests that two units of 
blood transfused in excess to save the spleen results in a risk equivalent 
to that of overwhelming postsplenectomy infection. 

I would like to address some comments to Dr. Spencer’s paper and 
congratulate the authors on an excellent presentation and a clear state- 
ment, in my opinion, as to where we stand in the management of splenic 
injuries as we enter the 1990s. 

I certainly concur with the authors’ conclusions that splenic salvage 
should be possible in approximately 70% of cases. In our series published 
last year in the Journal of Trauma, we salvaged 69% of spleens. 

Splenectomy is still the operation of choice for major injury to the 
spleen that cannot be salvaged or when there are associated injuries that 
make splenorrhaphy risky to the patient. In addition there is a small 
group of stable, alert patients with minimal splenic injury on CT that 
can be observed successfully. 

I would like to focus my last comments on this group of nonoperative 
patients, the 26 patients, 23 of whom presented in a delayed manner, 
24 hours after injury. 

As mentioned by the authors, these patients form a self-selected group 
of stable patients. In your series, did you have other patients who presented 
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after 24 hours who required urgent operation, or is the 24-hour delay a 
good index of stability, and therefore for observation? 


Your criteria for observation appear reasonable, yet in the adult your - 


willingness to transfuse up to three units of blood troubles me for reasons 
I have already outlined. 

Dr. Dellinger demonstrated that the probability of death from over- 
whelming postsplenectomy and post-transfusion hepatitis were equal if 
two units of blood were required to salvage the spleen. 

We looked at our series of patients and our classification of splenic 
injury based on computed tomography. One thing that struck us as we 
reviewed our series of patients with splenic injuries who were or were 
not operated on, there was an interesting correlation between the number 
of zones in which hemoperitoneum occurred and the need for operation. 
If you arbitrarily divide the abdominal cavity into three zones, a sub- 
phrenic zone, a zone that includes the pericolic gutters, and one that 
includes the pelvis, you can correlate the need for operation reasonably 
well with the number of zones in which blood is present. If you look at 
our nonoperative group, most of the patients had only one zone of he- 
moperitoneum and there were no patients who had three zones involved. 

The one patient in your observation group who was a failure required 
splenectomy. Our bias is to operate and repair the spleen because late 
operation misses the window for splenic salvage. Those patients who 
continue to bleed and eventually require operation receive excessive 
amounts of blood and almost always require splenectomy. Would you 
consider tightening the criteria such as restricting observation to the type 
I and II injuries alone or making the need for transfusion mandate early 
operation? Last, in the young, otherwise healthy, stable patient with an 
isolated splenic injury, how much do you let the hematocrit level decrease 
before that patient receives the first unit of blood? 


DR. DAVID V. FELICIANO (Closing discussion): I appreciate the interest 
in the paper. In response to Dr. Fabian, the grading of the spleens was 
done prospectively in approximately 90%, and the other 10% were done 
retrospectively. 

Second, how many splenorrhaphy failures were there in the operating 
room? We do not have that figure. I asked Steve Shackford the same 
question | month ago at the Western Surgical, and he thought that about 
5% of the attempted splenorrhaphies at the Trauma Center at UCSD 
are abandoned in the operating room. But I do not have that data from 
our series. 

How many patients lose blood during the splenorrhaphy? This is ob- 
viously a difficult question to answer because 70% of the patients in this 
series and in the previous series had associated intra-abdominal injuries, 
which may be the indication for a transfusion. 

One of the questions that came up is what should the community 
surgeon without much experience in splenorrhaphy try to do. My guide- 
lines are that if the patient is hemodynamically stable, does not have 
multiple intra-abdominal injuries that will mandate a very prolonged, 
difficult operation, and is not bleeding profusely from the spleen, then 
splenorrhaphy should be attempted. 

When should you stop? I think 30 to 40 minutes should not be exceeded 
because any decent surgeon can do a splenectomy and dry the bed in 
that time. Second, based on the available data from Luna and Dellinger 
(Am J Surg 1987; 153:462), I would suggest that no more than two units 
of blood should be needed during the splenorrhaphy. 

Dr. Gervin asked if there is some data available on community surgeons 
and their enthusiasm for splenorrhaphy. At the University Hospital in 
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San Diego the splenorrhaphy rate is 50%. In the community level II 
trauma centers in that county the rate was 38%. Because the gradings of 
injury were matched in Molin and Shackford’s series, there appears to 
be less enthusiasm for splenorrhaphy in community hospitals. This reflects 
the fact that many surgeons were not trained during the splenorrhaphy 
era. As the enthusiasm in all these papers builds, I suspect that those 
figures will increase. 

Dr. Gervin asked a pertinent question about the volume of all blood 
products used in these patients. I have data on the patients who clearly 
required blood transfusion after operation, and they are listed in Table 
6 of the manuscript. 

I don’t have any comments on what Dr. Maull said. 

Dr. Talman asked about ligation of the splenic artery. It is of historical 
interest that a member of this Association, Dr. Martin Dalton, did some 
research when he was in the military in 1965 (Arch Surg 1965; 91:541) 
and clearly demonstrated that you could ligate the splenic artery with 
impunity. But you cut off so much blood supply from the spleen that 
even though it lights up on a radioisotope scan, you lose the filtering 
ability. This is probably where patients who have died of overwhelming 
postsplenectomy infection get in trouble. You can leave the spleen in 
place, but in no way are you still conferring the same degree of splenic 
immunity that you would have if the splenic artery is completely open. 

There is much laboratory data on immunity from Dr. Witte’s lab in 
Tucson and Dr. Pabst’s lab in Hanover, West Germany. They have each 
looked at animals that have had splenic remnants left in place and still 
attached to the main splenic artery, splenic remnants without the main 
splenic artery attached or to transplants into the omentum. All of the 
fragments in these subgroups light up on radioisotope scans, make IgM, 
and clear the blood stream of helmet cells and target cells. They do not, 
however, confer conplete splenic immunity on the animals, and presum- 
ably this would be true in patients. 

Should you ligate a splenic artery? If that is the only thing you can 
do, I think that is fine. But, you had better tell your patient that he or 
she still has a small risk of overwhelming postsplenectomy infection. 

Dr. Coleman asked what should you do with a patient with a large 
subcapsular hematoma and other multiple abdominal injuries. One of 
the problems with subcapsular hematoma in the liver and the spleen is 
that you cannot see the extent of the parenchymal injury underneath. 
It has been my experience that large hematomas usually cover large 
injuries, and if the patient had multiple injuries, I would do a splenectomy 
in that patient. 

Dr. Pate also asked a pertinent question about combinations of injuries. 
If you have a colon injury and do a splenectomy with it, your incidence 
of subphrenic abscess is much higher than if you did only the colon 
repair. Splenectomy, by leaving a large space in the left upper quadrant, 
clearly leads to a higher incidence of subphrenic abscess. Therefore, despite 
extensive contamination, we have always repaired the spleen if it is ame- 
nable to repair. As for other combinations of injuries, such as to the lung 
and the diaphragm, that wouldn’t matter. We would fix the spleen. 

The pancreas is interesting because Dr. Leon Pachter and several other 
trauma surgeons around the country have demonstrated that you can 
do a distal pancreatectomy, dissect off the splenic artery and vein in the 
adult, and leave the spleen intact, even though it is hanging on a loose 
pedicle. So, again, the pancreas is not a determining factor. It is simply 
a question of how sick your patient is in the operating room. If he or 
she is not sick, I think you should try to save the spleen. How long should 
you persist? Thirty to forty minutes. 
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During the past decade splenic salvage procedures rather than 
splenectomy have been considered the preferred treatment for 
traumatic splenic injuries. Splenic preservation has been most 
often accomplished by splenorrhaphy and more recently by a 
controversial nonoperative approach. This report delineates in- 
dications, contraindications, and results with splenectomy, sple- 
norrhaphy, and nonoperative treatment based on an 11-year ex- 
perience (1978 to 1989) in which 193 consecutive adult patients 
with splenic injuries were treated. One hundred sixty-seven pa- 
tients (86.5%) underwent urgent operation. Of these, 111 (66%) 
were treated by splenorrhaphy or partial splenectomy and 56 
(34%) were treated by splenectomy. During the last 4 years, 26 
additional patients (13.5%) were managed without operation. 
Patients considered for nonoperative treatment were alert, he- 
modynamically stable with computed tomographic evidence of 
isolated grades I to III splenic injuries. Overall 24% of the injuries 
resulted from penetrating trauma, whereas 76% of the patients 
sustained blunt injuries. Complications were rare, with two pa- 
tients in the splenorrhaphy group experiencing re-bleeding (1.8%) 
and one patient (4%) failing nonoperative treatment. The mor- 
tality rate for the entire group was 4%. This report documents 
that splenorrhaphy can safely be performed in 65% to 75% of 
splenic injuries. Splenectomy is indicated for more extensive in- 
juries or when patients are hemodynamically unstable in the 
presence of life-threatening injuries. Nonoperative therapy can 
be accomplished safely in a small select group (15% to 20%), 
with a success rate of nearly 90% if strict criteria for selection 
are met. 


NJURIES OF THE SPLEEN may be treated by one of 
three methods, splenectomy, splenorrhaphy, or non- 
operative observation. During the past decade, splenic 
preservation rather than splenectomy has been considered 
as the preferred treatment for the injured spleen.'~> The 
rationale for avoiding splenectomy has been based on data 
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suggesting that removal of the traumatized spleen, in adult 
patients, imposes a small but life-long risk for subsequent 
infection, which at times may be fatal. +"? 

Splenic preservation has been most often accomplished 
by splenorrhaphy and more recently by a controversial 
nonoperative approach in select adult patients who have 
sustained blunt splenic trauma and are hemodynamically 
stable.'*-'’ Currently, however, there exists a wide diver- 
gence of opinion, whether the actual frequency of both 
nonfatal and fatal postsplenectomy infections in adult 
splenectomized patients is of significant magnitude to 
warrant attempts at routine splenic preservation. 8-2! 

The purpose of this report is to delineate indications. 
contraindications, and results achieved for each method 
of treatment based on experience with 193 consecutive 
patients sustaining splenic injuries. 


Materials and Methods 


During an | 1-year period stemming from December 
1978 to October 1989, 193 consecutive adult patients with 
splenic injuries were managed at the Bellevue Hospital 
Trauma and Shock Unit. Hemodynamic instability, ab- 
dominal gunshot wounds, peritoneal signs, or a positive 
diagnostic peritoneal lavage led to urgent operation in 
167 patients (86.5%). Twenty-six patients (13.5%) were 
managed without operation. 


Etiology and Management 


Forty-seven (24%) of the 193 injuries resulted from 
penetrating trauma (24 stab wounds and 23 gunshot 
wounds), whereas 146 patients (76%) sustained blunt 
splenic injuries. Eighty-eight per cent of the 24 stab 
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wounds were treated by operative splenorrhaphy and 12% 
were treated by splenectomy. In the group of 23 gunshot 
wounds, however, operative splenorrhaphy was performed 
in 15 patients (65%) and splenectomy in 8 (35%). One 
hundred forty-six patients sustained blunt splenic trauma. 
Fifty-one per cent (75 patients) underwent splenorrhaphy, 
31% (45 patients) splenectomy, and 18% (26 patients) were 
managed without operation (Table 1). 


Associated Injuries 


Concomitant injuries to other organs occurred in 82 
(49%) of the 167 patients undergoing urgent surgery. 
Thirty-one patients (38%) sustained three or more asso- 
ciated injuries. Splenectomy was required far more often 
when multiple injuries were present (60%). (Table 2) 


Splenorrhaphy 


Splenorrhaphy was considered if hemodynamic stability 
was rapidly achieved in patients with minor splenic in- 
juries or injuries of moderate severity. In no instance was 
a splenorrhaphy abandoned and splenectomy performed 
once the repair was begun. One hundred eleven (66%) of 
the 167 patients urgently operated on underwent splenic 
preservation by means of suture splenorrhaphy in 100 
(90%) and by partial or hemisplenectomy in 11 (10%). 
Patients in whom adjunctive hemostatic agents were the 
sole means of treatment were excluded. 

Splenorrhaphy patients received from 0 to 20 units of 
blood, with a mean transfusion requirement of 2.1 units. 

Two (1.8%) of the 111 patients treated by splenic repair 
required reoperation for bleeding. One patient was re- 
turned to the operating room the following morning. The 
other patient bled 13 days after the original surgery. Both 
patients underwent urgent splenectomy. 


Splenectomy 


Fifty-six patients (34%) underwent splenectomy. 
Twenty (36%) of the 56 splenectomies were performed 
for hemodynamic instability in patients with multiple as- 
sociated injuries. The spleens in each of the instances were 


TABLE 1. Mechanisms of Injury and Treatment Modalities in 
193 Consecutive Patients 





Etiology (193 cases) 


I. Penetrating trauma 47 
Stab wound 24 
Gunshot wound 23 
II. Blunt trauma 146 
Treatment 
Splenorraphy Splenectomy Nonop. 
Stab wound 88% 12% — 
Gunshot wound 65% 35% — 


Blunt 51% 31% 18% 
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TABLE 2. Associated Injuries 


Organ Splenorrhaphy Splenectomy 
Liver 44 11 
Pancreas 2 4 
Colon 9 5 
Stomach 8 4 
SB 7 2 
Kidney 10 9 
Osseous 14 11 
Neuro 9 6 
Thoracic 17 17 
Diaphragm 15 3 
Vascular 4 2 
Amputation | 3 
Total 52 (47%) 30 (54%) 


There were 13 (25%) splenorrhaphy patients with three or more as- 
socaited injuries, while 18 (60%) splenectomy patients had three or more 
associated injuries. 


salvageable but the patient’s condition prompted expe- 
ditious splenectomy. The remaining 36 splenectomies 
were performed for injuries extending into the splenic 
hilum in 19, massive parenchymal destruction in 13, and 
separation of the spleen from its blood supply in 4. All 
patients undergoing splenectomy were immunized with 
polyvalent pneumococcocal vaccine before discharge. 

Splenectomy patients received from 0 to 70 units of 
transfused blood, with a mean requirement of 8.6 units, 
reflecting, for the most part, the severity of the trauma 
sustained. 


Nonoperative Treatment 


During the past 4 years, 26 (18%) of the 146 patients 
with blunt splenic injuries who were hemodynamically 
stable and alert on admission were intentionally observed. 
This was a select group, as all but three patients were seen 
more than 24 hours after injury. Eighteen patients (69%), 
presented between 24 to 36 hours after injury, and 5 pa- 
tients (19%) arrived after 36 hours of injury. 

The diagnosis of the splenic injury was confirmed in 
each patient by computed tomographic (CT) scanning. 
Fifteen patients were classified as having grades I and II 
injuries, while 11 patients sustained a grade III injury (Ta- 
ble 3). 

Nonoperative treatment consisted of bedrest, initially 
in an intensive care unit with standard hemodynamic 
monitoring and serial measurement of hematocrit. All 
patients were frequently examined by the same team of 
physicians. A repeat CT scan was performed | week after 
admission. Significant resolution of a hematoma or heal- 
ing of a laceration (Figs. 1 to 3) led to discharge usually 
on the ninth or tenth hospital day. 

Thirteen (62%) of the 26 patients received no transfu- 
sions. The remaining 13 patients received between 2 and 
5 units of blood. The overall mean transfusion rate for 
the entire group was 1.8 units. 
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Injury Description 


Subcapsular, nonexpanding <10% surface area 
Capsular tear, nonbleeding, with <1 cm deep parenchymal disruption 
Subcapsular, nonexpanding, 10% to 50% surface area, intraparenchymal nonexpanding 


Capsular tear, actively bleeding; parenchymal laceration 1-3 cm deep that does not 


involve a major or trabecular vessel 


Subcapsular, >50% surface area or expanding; ruptured subcapsular hematoma with active 


bleeding; intraparenchymal hematoma >2 cm or expanding 


Laceration >3 cm deep or involving trabecular vessels but not involving the hilar vessels 
Ruptured intraparenchymal hematoma with active bleeding 
Laceration involving segmental or hilar vessels producing major devascularization (>25% 


Vol. 211 « No. 5 
TABLE 3. Splenic Injury Scale 
Grade Injury 
I Hematoma 
Laceration 
JI Hematoma 
<2 cm in diameter 
Laceration 
II Hematoma 
Laceration 
IV Hematoma 
Laceration 
of spleen) 
V Laceration Completely shattered spleen 
Vascular 


As devised by the Organ Injury Scaling Committee, American Asso- 
ciation for the Surgery of Trauma. 


Mortality 


Eight of the 193 patients died, yielding a mortality rate 
of 4%. Two of the deaths were in the splenorrhaphy group, 
while the other six were in the splenectomy group. None 
of the deaths could be attributed to the splenic injury. 


FIG. 1. A 27-year old white man was injured in a skiing accident. Com- 
puted tomographic scan done on March 12, 1986 showed a large he- 
matoma of the upper pole of the spleen. Because the patient was he- 
modynamically stable he was treated without operation by intentional 
observation. 





Hilar vascular injury that devascularizes spleen 


Postoperative Sepsis 


To our knowledge no patient in this series developed 
overwhelming postsplenectomy infection. Similarly, 
postoperative infection in the repaired spleen, as well as 
intra-abdominal abscesses were not seen in the splenor- 
rhaphy group. Three intra-abdominal abscesses, however, 
did occur in the splenectomy group, but these were all in 
patients who sustained a combination of concomitant 
pancreatic and colonic injuries. 


Discussion 
Splenorrhaphy 


The importance of splenic preservation has gradually 
evolved over the last three decades. As adult patients un- 
dergoing traumatic splenectomy were thought to be at 
greater risk for developing subsequent septic complica- 
tions,”’””:!':!? splenorrhaphy was deemed to be the ideal 
treatment for splenic injuries. 173727 

The most serious septic complication after splenectomy 
is the syndrome of overwhelming postsplectomy infection 
(OPSI),**74-* which carries a prohibitive mortality rate 
(50% to 90%). While the syndrome of OPSI has been rec- 
ognized as a clear hazard in children,'**°*’ the actual 
incidence of its occurrence in the adult splenectomized 
patient is presently unknown. Initial reports estimated 
that the rate of OPSI in adults is between 1% to 2%,*** 
but critical analysis of the data suggest the rate is 0.5% at 
most”, 

Despite the current controversies regarding the inci- 
dence of nonfatal and fatal postsplenectomy infections in 
adults, late sepsis in some patients can be of catastrophic 
proportions. Three such adult patients have been seen at 
the NYU Medical Center in the past several years. Two 
patients died within 24 hours after admission and the third 
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FIG. 2. CT scan done on April 10, 1986 (1 month after first scan) shows marked improvement of the injury. 


patient survived after several weeks of intensive treatment, 
but required amputation of all four extremities. All three 
patients had undergone traumatic splenectomy 8 to 10 
years earlier. Although uncommon, these events fully 
support efforts at splenic preservation whenever possible. 


How Often Can Splenorrhaphy Be Accomplished? 


A review of nearly 4000 patients sustaining splenic 
trauma, emanating from major trauma centers treating 
more than 100 splenic injuries reveals that operative sple- 
norrhaphy rates vary from 7.8% to 66%, with a mean 
splenic salvage rate of 34%.!>!415-17:28-33 This data, how- 
ever, was accrued over an extended period of time and 
may reflect early experiences when splenorrhaphy in the 
adult patient was a relatively new procedure with an initial 
high failure rate correlated with a learning curve. The 
importance of familiarity with splenic salvage techniques 
has recently been emphasized by Pickhardt and Moore.” 
In an initial 4-year period (1978 to 1981), they report a 
splenic salvage rate of 40%, whereas in a subsequent 6- 
year period (1980 to 1987), the success rate increased 
to 73%. 

In addition, the overall splenic salvage rate is not always 
reflective of the surgeon’s ability to repair the spleen. 


Analysis of pathologic findings in 167 splenic injuries un- 
dergoing immediate operation described in this report in- 
dicated that 131 (78%) were amenable to splenorrhaphy. 
Twenty of these patients with technically salvageable 
splenic injuries, however, underwent splenectomy because 
of hemodynamic instability from multiple associated in- 
juries. 


Mordidity with Splenorrhaphy 


That splenorrhaphy can be accomplished safely with 
minimal morbidity and virtually no deaths has been ex- 
tensively documented. !77223:3435 Rebleeding with splenic 
salvage procedures rarely has been seen, both in the pres- 
ent study (1.8%), and in series reported by Feliciano 
(1.25%)! and Pickhardt (2%).* Likewise postoperative in- 
fection in the repaired spleen and death attributable to 
the splenic repair have yet to be documented. 


Iatrogenic Splenic Injuries 


These data are especially significant in the treatment 
of iatrogenic splenic injuries, usually occurring from trac- 
tion during elective gastrointestinal operations. In the past, 
such injuries have been responsible for a large number of 
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FIG. 3. Repeat scan 3 months after the injury (June 11, 1986) demonstrates complete healing. 


splenectomies (30% to 40%). !>!8:36-38 Furthermore these 
patients have been reported to be particularly susceptible 
to infectious complications, both in the perioperative pe- 
riod and during long-term follow-up. Green’ reported that 
the major late septic complication rate in patients sus- 
taining traumatic splenectomy is 5.9%, but this rate in- 
creased to 18.5% for those patients undergoing incidental 
splenectomy. 

Because operative trauma to the spleen is usually minor, 
repair should be feasible in most patients. During the past 
few years, splenorrhaphy has been successfully accom- 
plished in 30 patients undergoing elective gastrointestinal 
or urologic procedures. All of these patients recovered 
uneventfully. 

Adherence to meticulous surgical techniques in stable 
adult patients, coupled with the use of adjunctive he- 
mostatic agents, should result in splenic salvage rates ap- 
proaching 70%. Because splenic preservation can be ac- 
complished with minimal complications, splenorrhaphy 
is both warranted and justified. 


Splenectomy 


Not all spleens can or should be saved. Patients who 
are hemodynamically unstable, often from multiple as- 


sociated injuries, or those with extensive splenic injuries 
(grades IV or V) should undergo prompt splenectomy. 
The frequency with which splenectomy is done will vary 
with the type and severity of the trauma. Patients sus- 
taining stab wounds are least likely to undergo splenec- 
tomy, whereas patients who present with three or more 
associated injuries stand at least a 60% chance of having 
their spleens removed. 


Nonoperative Management of Blunt Splenic Injuries 


Successful nonoperative management of blunt splenic 
injuries in children was first proposed two decades ago by 
Upadhyaya.” Subsequent series have established non- 
operative management as the most commonly used form 
of treatment in children with blunt splenic injuries. 
In adults the applicability of this approach has been un- 
certain. Frequently cited concerns were that success rates 
in adults would not parallel the experience reported in 
children because of differences in both size and texture 
of the spleens; concomitant intra-abdominal injuries 
might be overlooked;** transfusion requirements would 
be excessive, increasing the risk of hepatitis and more 
recently acquiring the human immunodeficiency virus. 
Conflicting results with the nonoperative management of 
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TABLE 4 Criteria for Nonoperative Management 


1. Hemodynamic stability: usually less than 3 transfusions* 

2. Alert patient 

3. Absence of peritoneal signs 

4. CAT scan documentation—isolated splenic injury, grades I-III 


* Excludes transfusion requirements for nonabdominal injuries. 


blunt adult splenic injuries*® underscored the need for 
establishing specific guidelines designed to identify which 
patients could be observed predictably and safely. 

There seems to be a uniform agreement that patients 
must meet the following criteria to be considered for non- 
operative treatment: (1) hemodynamic stability must be 
present or initially maintained by modest infusions of 
crystalloid solution; (2) the patient must be alert so that 
frequent abdominal examinations can be performed; (3) 
CT scan documentation of a grade I, II, or III splenic 
injury, in the absence of associated intra-abdominal in- 
juries, must be present; (4) transfusion requirements must 
be less than three units.!%-!5 (Table 4). 

With these criteria in mind, consideration for nonop- 
erative treatment of blunt splenic trauma is then appli- 
cable only to a limited number of adult patients. Recent 
data from eight institutions with a dedicated interest in 
the nonoperative treatment of blunt splenic injuries, re- 
vealed a mean nonoperative rate of only 18%.'*-!> That 
the number of patients treated without operation is not 
greater is merely indicative of the strict guidelines used 
for patient selection. 

During the past 5 years advances in imaging techniques 
have been the single most important factor responsible 
for a greater willingness by surgeons to consider nonop- 
erative treatment of blunt splenic injuries in the adult. 
Computed tomographic scanning has been invaluable in 
assessing both the anatomy and severity of the sustained 
splenic injury.*’~*? Patients with small to moderate in- 
juries, as assessed by CT scanning (grades I, II, and some 
grade III injuries) may be observed safely in the appro- 
priate clinical setting. Patients with more severe injuries 
are best treated by immediate operation. 

Recently Cogbill!? summarized experiences from six 
different centers with a total of 832 blunt splenic injuries 
treated during a 5-year period. Seventy-two adult patients 
were managed by observation with a success rate of 83%. 
Similar results were achieved by Elmore'* and Longo!’ 
who reported success rates with nonoperative manage- 
ment of blunt splenic injuries in adults of 87% and 92%, 
respectively. The mean transfusion rate of the three com- 
bined series was only 1.7 units and in no instance was a 
hollow viscus injury missed.'*-!> 

Our own experience with 26 adult patients sustaining 
blunt splenic trauma who were intentionally observed 
parallels the current national trend. Of 146 patients with 
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blunt splenic injuries, only 26 (17.8%) qualified for non- 
operative treatment. Nonoperative treatment was suc- 
cessful in 25 of the 26 patients (96%), with a mean trans- 
fusion rate of 1.8 units. Only one patient (4%) with a 
grade III injury failed nonoperative treatment. The high 
success rate in 25 of 26 patients reported in the present 
series may be related to the fact that the majority of the 
patients (88%) presented more than 24 hours after the 
injury and therefore may be a self-selected group. How- 
ever, in each instance, once the diagnosis was made all 
patients were intentionally observed. Had these patients 
arrived within 24 hours of injury their treatment courses 
would not have differed. 

The significance of this aspect of the paper is that it 
confirms currently available data that a small select group 
of adult patients sustaining blunt injuries to the spleen 
(15% to 20%) can be observed safely if strict criteria are 
met. In this group of patients the success rate with non- 
operative treatment should approach 90%. 

We have drawn several conclusions from our study. (1) 
Splenorrhaphy can safely be performed in 65% to 75% of 
splenic injuries classified as grades I through III; (2) sple- 
nectomy is indicated for more extensive injuries involving 
the hilum or those resulting in massive parenchymal de- 
struction. Similarly splenectomy should be performed 
promptly for any patient who is hemodynamically unsta- 
ble, usually from multiple associated injuries; (3) the ma- 
jority of inadvertent operative injuries to the spleen, which 
usually occur during gastrointestinal elective surgery, are 
amenable to repair; and (4) nonoperative therapy can be 
safely accomplished in a small group of patients with a 
successful result in 85% to 90%. The criteria for using 
nonoperative therapy include an alert hemodynamically 
stable patient with no peritoneal signs. Serial CT scanning 
is essential in confirming the diagnosis, excluding other 
intra-abdominal trauma, and documenting healing of the 
splenic injury. 
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DISCUSSION 


Dr. E. ARMISTEAD TALMAN (Richmond, Virginia): In the wave of 
this continued enthusiasm for splenic conservation, it should be re-em- 
phasized that both the splenic artery and the splenic vein can be ligated 
without removal of the spleen. Does anyone have any data that such 
ligation makes the spleen immunologically incompetent? It is my un- 
derstanding that it does not. 

This is a postaperative liver~spleen scan on a patient who underwent 
emergency splenic artery ligation for a ruptured splenic artery aneurysm 
in the midportion of the splenic artery. This normal postoperative scan 
demonstrates not only continued vascularity but also continued splenic 
phagocytic activity. 

This is a similarly normal postoperative spleen scan on a patient who 
underwent resection of a tumor of the midbody of the pancreas in which 
both the artery and the vein had to be ligated. 
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Dr. Warsaw! has reported 22 such patients with pancreatic resections 
in whom both the splenic artery and the vein were ligated, but preservation 
of the spleen was possible. Likewise, with traumatic resections of the 
pancreas, the spleen may not always need to be removed. 

However, looking at the wave of enthusiasm for splenorraphy, surgeons 
like myself in community hospitals particularly must still ask the question 
not so much can we, but should we? 

The Center for Disease Control* emphasizes the remarks of Dr. Gervin 
and Dr. Maull with respect to the risk of transfusion hepatitis. One 
hundred fifty-thousand non-A and non-B hepatitis cases are estimated 
annually, of which 5% to 10%, or 7500 to 15,000 cases per year, result 
from transfusion. Twenty per cent, or a minimum of 1200 cases per 
year, progressed to chronic active hepatitis or cirrhosis. The Center also 
reports 12,000 deaths each year in this country from cirrhosis unrelated 
to alcohol, which, by inference suggests maybe 600 to 1200 transfusion 
deaths per year. Consequently, if the Center’s data is correct, one might 
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argue that for splenic injury a reasonable approach might be (1) conser- 
vative observation, if possible, (2) splenorrhaphy, if the clinical condition 
warrants surgery and the patient is stable, and there is no other major 
` injury, but ideally (3) splenectomy before having to transfuse the patient 
at all as a result of blood loss from the spleen. 
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Dr. JAMES G. CHANDLER (Oakland, California): I rise first to express 
my admiration and enjoyment of both these fine presentations and second 
to present the pre-earthquake series from the University of California, 
Davis~—East Bay. 

It seems that splenic injuries have caught the eye of editors and program 
composers recently: there were two papers on splenic injury at the Western 
Surgical, there was a paper on splenic injury in the November 1989 issue 
of Annals of Surgery, and there are three papers in this session today. 
All seem to be pretty much in accord about the potential for splenic 
salvage in adults. 

Here are the results of a laissez faire policy in which six attending 
surgeons did what they thought appropriate in 388 celiotomies in which 
there were 66 splenic injuries. We also saw nine injured spleens with 
such severe other injuries that the patients never reached the operating 
room. We observed 14 blunt injuries, six of wkom presented after a 
delay of 24 hours or more, so as Dr. Spencer intimated, we can’t take 
full credit for electing observation for these individuals. We treated no 
penetrating injuries by observation alone. Like others, we did a fair 
amount of simple sewing and tamponade. We are pleased that we had 
no deaths in the [2 patients with repaired spleens. 

Besides earthquakes, we are really interested in baseball in Oakland 
this year, so I have listed our results in terms of hits, runs, and errors: 
we did 33 splenectomies. I don’t think it was bad to do a splenectomy 
in the circumstances in which they were done, so they are listed as hits. 
Thirty-one spleens were salvaged (47%), 14 by observation, 12 by suture, 
and 5 by tamponade—all were home runs without late bleeding. We 
had one error in that we missed a tangential bullet wound of the spleen, 
necessitating a second celiotomy. 

The best thing that could come out of this mim symposium is if Drs. 
Feliciano and Pachter would address the issues of when to take on sple- 
norrhaphy and when to quit because, as all of the discussants have alluded, 
there seems to be agreement about most other things. 


Dr. HARVEY J. SUGERMAN (Richmond, Virginia): I don’t want you 
all to think that Richmond is terribly traumatic because I am the third 
discussant from that fine city. 

I would like to thank Dr. Pachter and his collezgues for giving me the 
opportunity to review the manuscript, which is excellent. It is an extension 
of their previous data presented to the American Surgical Association 
in 1981, and at that time they performed splenorrhaphy successfully in 
24 of 27 patients, or 89%. However of those, only 13, or 50%, were from 
blunt injury. 

In the series they presented today, they performed splenorrhaphy or 
partial splenectomy in two thirds of their 167 patients with splenic injury, 
of whom three fourths were due to blunt injury. That is a very impressive 
result because in this group only two patients required reoperation for 
bleeding. The results are even more impressive because the authors ex- 
cluded all patients who had trivial capsular injuries; managed with topical 
thrombostatic agents. This is certainly a commendable record and sig- 
nificantly better than most published series. Obviously the techniques 
used are to be emulated so that we can all achieve a similar result. 

We have had a number of these injuries, a recsnt one a week ago, in 
which there was a liver and a colonic injury and stool bathing the spleen. 
A splenorrhaphy was performed to the residents’ dismay and the patient 
did extremely well without septic complications. 

There is no question that overwhelming postsplenectomy sepsis is also 
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a threat to the adult. In their manuscript the authors describe three patients 
with overwhelming post-traumatic splenectomy sepsis seen at their 
Medical Center, with two deaths. I am aware of one 24-year-old woman 
who developed primary pneumococcal peritonitis and a 28-year-old man 
who developed a fatal Hemophilus influenza infection 5 and 7 years, 
respectively, after splenectomies for trauma. 

As the other discussants have emphasized, the risk—benefit ratio of 
transfusion versus repair is a factor that requires consideration. I hope 
the risks of transfusions are decreasing now that there is an antigen for 
hepatitis C and the blood pool is being screened for that source of non 
A-non B hepatitis. 

Nevertheless, Dr. Pachter, we would like the data on how many ad- 
ditional units of blood the patients required, Although the transfusion 
data are in the manuscript, how many additional units do you think 
were needed for repair of the spleen or partial splenectomy, including 
fresh frozen plasma and platelets, as mentioned by Dr. Gervin? 

I am also a supporter of the nonoperative approach to splenic or hepatic 
injuries under the specific conditions outlined in your manuscript. How- 
ever your nonoperative group was comprised of almost all self-selected 
subjects because 20 of the 23 patients presented hemodynamically stable . 
more than 24 hours after the injury. How long after the injury did the 
other three patients present? Do you routinely obtain a DPL in all patients 
with blunt abdominal trauma? What if they are awake, hemodynamically 
stable, or respond promptly to a couple liters of crystalloid without sig- 
nificant peritoneal signs? Do you perform a lavage in that patient and, 
if so, if the tap Is positive, do you always operate or might you obtain a 
CT scan? And, if so, what are the dangers and consequences of missing 
a hollow viscus injury? It has been my impression that our house staff 
may be overusing the DPL technique with the consequences of a number 
of unnecessary laparotomies for trivial trauma. 


Dr. JOHN J. COLEMAN, IH (Atlanta, Georgia): I would like to know 
what is the approach to a large subcapsular hematoma found at lapa- 
rotomy in the situations in which, first, that is the only injury, and second, 
that is one of multiple injuries. 


Dr. JAMES W. PATE (Memphis, Tennessee): I would like to compli- 
ment the authors on these excellent presentations. I don’t have my own 
paper to present, so I will simply request a comment from the authors. 

I would like them to say something about selection of splenorrhaphy 
vis-a-vis splenectomy for injuries of the spleen. For example, if one had 
a gunshot wound with major contamination of the left upper quadrant 
with colon contents, would you attempt to do splenorrhaphy? Suppose 
that missile transected the diaphragm and lung, would that influence 
your decision? ey 

Suppose you had a blunt injury with major pancreatic trauma, would 
that influence your decision? 


Dr. H. LEON PACHTER (Closing discussion): Clearly many of these 
questions have already been answered by Dr. David Feliciano. 

To answer Dr. Pate’s question, Mark Malangoni has clearly shown 
that patients who have their spleens removed while suffering multiple 
concomitant injuries are at greater risk for perioperative infection. I think 
that these are the patients who most need to have their spleens saved; 
however, in the face of hemodynamic instability, there should not be 
the slightest hesitancy for splenectomy. 

To answer Dr. Talman’s question about ligating the splenic artery, 
this is a technique frequently used by pediatric surgeons, Dr. Jay Grosfeld 
from Indiana has told me that he has used this method on many occasions. 
My opinion is that as long as there is identifiable blood supply left to 
the spleen, such as the short gastrics, the spleen’s ability to handle an 
antigenic challenge would probably not be impaired. 

With regard to Dr. Sugerman’s question, yes, our group of patients 
that were observed were a self-selected group, but 81% of those were 
seen within 36 hours. Recently there have been three major studies in 
the last 4 months of nonoperative management of the adult trauma 
patient who had sustained a blunt splenic injury. These studies encom- 
passed eight different centers and totaled 179 adult patients who\were 
managed without operation, with an overall success rate of 87%. No 
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hollow viscus injuries were missed, and the mean transfusion amount 
was only 1.7 units. These results speak for themselves and certainly are 
achievable in the appropriate setting. One need remember, however, 
that only a small grouop of patients, no more than 15% or 20% with 
blunt splenic injuries, are candidates for nonoperative management. 
To answer the question regarding diagnostic peritoneal lavage, our 
thinking has been that patients who have sustained blunt trauma and 
are stable do not undergo diagnostic peritoneal lavage; instead we have 
been relying on CT scans. If, on the other hand, a diagnositic peritoneal 
lavage is done and it is positive, we operatve and have no experience in 


watching patients with benign abdomens but who have positive diagnostic 


peritoneal lavages. 

Dr. Maul, we have not seen anyone come in more than 24 hours after 
sustaining the injury who has subsequently bled. 

Everyone seems to be referring to the paper by Luna and Dellinger 
in the American Journal of Surgery (1987; 153:462~468). Drs. Luna and 
Dellinger calculated the risk of death in observed adult patients with 
blunt splenic injuries and found it to be C.26%, as compared to 0.06% 
for those treated with operation. Using the same model, Cogbill reassessed 
the risk of death after nonoperative management of adult splenic injuries 
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and found the rate to be 0.07%, which is almost identical to the 0.06% 
proposed by Luna and Dellinger for operative therapy. 

What we have seen today is that it is apparent that almost three fourths 
of the spleens that are injured are technically salvageable. However, as 
in our Own series, when hemodynamic instability exists, the spleen should 
be removed without hesitation. 

The pertinent question is, however, are the risk of removing the spleen 
significant enough to warrant routine splenic salvage? No one really knows 
the actual incidence of nonfatal or fatal infections. In some patients the 
sequelae are of catastrophic proportions. 

We had three patients who had undergone a splenectomy 7 to 8 years 
before trauma. Two of the patients died within 24 hours and this 1s the 
third patient. 

As you see here, both of the patient’s legs were amputated. 

Likewise, both arms were also amputated and clearly this was a sobering 
experience. The exact incidence of overwheming postsplenectomy inec- 
tion in the adult is probably no more than 0.26% to 0.34%, all studies 
considered. The syndrome, once contracted, results in a prohibitive 
mortality rate and should be an impetus to avoid splenectomy whenever 
safe and possible. 
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We reviewed 37 consecutive, hemodynamically stable patients 
(16 adults, 21 children) who had splenic injuries diagnosed by 
computed tomography (CT) scan to compare the CT evaluation 
with operative assessment of injury and eventual treatment. 
Computed tomographic scans and operative findings were graded 
by a splenic injury scoring system. Two patients were classified 
as having grade 1, 21 as grade 2, 11 as grade 3, and 3 as grade 
4 splenic injuries. Computed tomography underestimated the 
degree of injury in 9 of 17 (53%) operated patients (mean CT 
score, 2.6; mean operative score, 3.3; p < 0.01). Six of sixteen 
adults and 19 of 21 children were intentionally treated by ob- 
servation. There were 5 treatments failures (20%), 3 due to 
bleeding and I each due to pancreatic injury and splenic abscess. 
The failure rate of observation was lower in children (16%) than 
in adults (33%), even though children had a higher Splenic Injury 
Score (2.4 versus 1.8). Patients who underwent an operation re- 
ceived twice as much blood as the observed group. There was 
no significant difference in Injury Severity Score or total fluid 
requirements between operated and observed patients. Opera- 
tions increased in frequency in both adults and children as the 
injury score increased. This experience suggests that CT scan 
accurately determines the presence of splenic injury but com- 
monly underestimates its severity. While children with grades 
1 through 3 injuries are likely to be treated successfully with 
observation, adults who have more minor splenic injuries often 
fail observation and may be treated better by prompt operation. 


immunologic defense against infection has been 

the major impetus for an evolutionary change in 
the management of splenic injury. This increased under- 
standing of the potential adverse consequences of sple- 
nectomy, in addition to the development of new nonin- 
vasive imaging procedures to identify injury to the spleen, 
has hastened the development of surgical techniques to 
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salvage the injured spleen. Preservation of splenic tissue 
by partial splenectomy or splenic repair was done many 
decades ago;'? however only recently has conventional 
wisdom accepted the idea that management of splenic 
injury by observation without operation could be suc- 
cessful. While nonoperative management was originally 
advocated for children with splenic trauma,’ similar prin- 
ciples have been applied more recently to adults with 
splenic injury with mixed success. Surprisingly few direct 
comparisons between adults and children have been made. 

In 1981 Shackford et al.* reported the use of a system 
to grade injuries to the spleen, demonstrating that patients 
with lesser degrees of splenic damage could be treated 
successfully by splenic repair. These observations have 
been confirmed since then by others.°~’ The use of a grad- 
ing system to classify splenic injuries diagnosed by ab- 
dominal computed tomography (CT) recently has been 
suggested.’ As injury grading methods have evolved, 
there has been greater emphasis on classification based 
on the extent of injury to the organ per se rather than on 
the treatment rendered.!° 

Comparisons of reports of splenic injuries, particularly 
those applied to nonoperative treatment, are difficult to 
interpret because the extent of splenic injury is not care- 
fully analyzed, the accuracy of the CT scan for grading 
splenic injury has not been well documented, and the 
application of an injury scoring system based on the CT 
scan has not been adequately validated. We examined 
splenic injuries diagnosed by CT scan in an attempt to 
answer these concerns and to discern if there were differ- 
ences between adults and children referable to the use of 
the CT scan for diagnosis. 
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Methods 


We retrospectively identified all patients at the Uni- 
versity of Louisville Level I Trauma Center hospitals 
(Humana Hospital University of Louisville, Kosair Chil- 
dren’s Hospital) who had blunt trauma to the spleen with 
the diagnosis established by CT of the abdomen between 
July 1985 and April 1989. During this time period, di- 
agnostic peritoneal lavage was used to evaluate most pa- 
tients with suspected splenic injury. Adults were selected 
to have a CT scan if they had incurred blunt trauma but 
had stable vital signs and had suspected splenic injury 
based on localized physical findings involving the left.chest 
and upper abdomen. Alternatively the CT scan was done 
because of the high possibility for abdominal injury in 
cases in which diagnostic peritoneal lavage was contrain- 
dicated, usually because of a previous abdominal opera- 
tion. Abdominal CT scan was routinely obtained to eval- 
uate all children with blunt abdominal trauma unless they 
had persistent shock. 

The CT scans were performed using l-cm scanning 
intervals in the upper abdomen and oral and intravenous 
contrast was given routinely, although there were some 
minor differences in scanning techniques between the two 
hospitals. For the purpose of this review, all scans were 
classified retrospectively by a single radiologist, who eval- 
uated the degree of splenic injury and the presence of 
intra-abdominal blood without knowledge of patient out- 
come. 

Splenic injuries were classified using criteria recently 
established by the American Association for the Surgery 
of Trauma,'° (Table 1) as well as by the splenic injury 
classification systems proposed by Buntain and Gould? 
and Resciniti et al.? The Splenic Injury Scale!® has been 
proposed to classify injuries either by CT scan, at oper- 
ation, or at autopsy. Injuries were reclassified for all pa- 
tients who had operation. In addition blood and fluid re- 
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placements were recorded and corrected for patient 
weight. 
During the period of this review, we generally advocated 


early operation for adults who had splenic injury as well 


as signs of hemodynamic instability, hemoperitoneum 
with blood in the pelvis on CT, associated intra-abdominal 
injuries, impaired consciousness, or severe associated 1n- 


_ juries in which expected blood losses might obscure on- 


going bleeding from the spleen. Adults without any of the 
above-mentioned findings but who had findings on phys- 
ical examination that were localized to the left upper 
quadrant were selected for nonoperative management. 
Children were intentionally managed by observation un- 
less unstable vital signs or associated intra-abdominal in- 
juries were present. 

The principles of nonoperative management adhered 
to have been described in detail elsewhere.'' In brief, both 
adults and children were placed at bed rest and had serial 
physical examination and hemoglobin determinations. 
Nasogastric decompression was used in all patients who 
had evidence of paralytic ileus as a result of their injuries 
and was used selectively in other patients. 

Statistical comparisons between groups were done using 
the Behrens-Fisher t° Welch df tests for unpaired variables 
and unequal groups and analysis of variance as appro- 
priate.'? A p value of less than 0.05 was considered sig- 
nificant. 


Results 


During the 45-month study period, there were 16 adults 
(18 years of age or older) and 21 children who had splenic 
injuries found by CT scan. There were 22 male and 15 
female patients in the study, ranging in age from 3 to 53 
years (average age, 20 years). When classified by mecha- 
nism of injury, high-energy transfer injuries such as motor 
vehicle accidents occurred in seven adults and 12 children, 


TABLE I. Splenic Injury Score’? 


Injury Descriptiont 


Subcapsular, nonexpanding less than 10% surface area 
Capsular tear, nonbleeding, less than 1 cm parenchyma! depth 
Subcapsular, nonexpanding, 10-50% surface area; intraparenchymal, nonexpanding, less than 2 cm 


Capsular tear, active bleeding; [~3 cm parenchymal depth that does not involve a trabecular vesssel 
Subcapsular, more than 50% surface area or expanding; ruptured subcapsular hematoma with active 


bleeding; intraparenchymal hematoma more than 2 cm or expanding 


Grade* Injury 
Í Hematoma 
Laceration 
2 Hematoma 
in diameter 
Laceration 
3 Hematoma 
Laceration 
4 Hematoma 
Laceration 
spleen) 
5 Laceration Completely shattered spleen 
Vascular 


* Advance one grade for multiple injuries to the same organ. 
+ Based on most accurate assessment at autopsy, laparotomy, or ra- 
diologic study. 


More than 3 cm parenchymal depth or involving trabecular vessels 
Ruptured intraparenchymal hematoma with active bleeding 
Laceration involving segmental or hilar vessels producing major devascularization (more than 25% of 


Hilar vascular injury that devascularizes the spleen 
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TABLE 2, Associated Injuries 
Location Adults . Children 
Chest wall 6 6 
Bony l T 
Lung 3 4. 
Head l 5 
Factal 3 l 
Pancreas I l 
Kidney 0 2 
Liver 0 i 
Total 15 27 


while the remaining patients were hurt as a result of low- 
energy transfer injuries due to bicycles, falls, or sports. 
Isolated splenic trauma occurred in 15 patients. There 
were 42 additional injuries in the remaining 22 patients 
| (Table 2). Chest injuries and extremity fractures occurred 
most frequently. The mean Injury Severity Score (+ stan- 
dard deviation)!* was 12 + 5 for adults and 14 + 6 for 
children. Fluid administration during the first 24 hours 
was 45 + 28 mL/kg in adults and 63 + 27 mL/kg in 
children; there was an average of 4 mL/kg of packed red 
cells given to adults and 7 mL/kg given to children during 
the 24 hours after injury. 

The average Splenic Injury Score assessed by CT scan 
`- was 2.5 + 0.8 for adults and 2.8 + 0.8 for children using 
the splenic injury scale. When the grading systems pro- 
posed by Buntain and Gould® and Resciniti et al.? were 
used, scores averaged 1.8 and 2.4 in adults and 1.7 and 
2.9 in children, respectively. . 

When compared by the type of management for the 
splenic injury, 25 patients (19 children, 6 adults) were 
initially treated intentionally by observation without op- 
eration. The mean Splenic Injury Score in the group 
treated by observation (2.3 + 0.6) was lower than in pa- 
tients operated on initially (2.6 + 0.8). Adults treated with 
nonoperative management had a slightly but not signifi- 
cantly lower score than children treated similarly (1.8 ver- 
SUS 2.4). 

Observation without operation was successful in 80% 
of all patients, including 16 of 19 children (84%) and 4 
of 6 adults (67%). Treatment failure occurred due to 
bleeding in 3 patients, splenic abscess in 1, and a missed 
pancreatic injury in 1. Four of the five patients who failed 
nonoperative management underwent splenectomy, while 
one patient had successful splenic repair. Fluid require- 
ments were significantly less among adults who were 
managed successfully by observation compared to chil- 
dren (34 + 23 mL/kg versus 62 + 21 mL/kg, p < 0.05). 
Adults successfully managed by observation did not re- 
ceive any blood, while blood requirements were 5 + 7 
mL/kg in children (p < 0.05). The children who failed 
observation were ages 3, 11, and 15 years. Two children 
had grade 4 splenic injuries at operation. Both injuries 
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TABLE 3. Management Based on CT Evaluation 


Splenic Injury Score ` 
Patients I 2 3 4 

Adults , 

Observed l 3 0 0 
Operated ] 5 5 l 
(% operated) (50%) (63%) (100%) (100%) 

Children ' 

' Observed 0 11 4 l 
Operated 0 2 2 1 
(% operated) 0 (15%) (33%) (50%) 

Total patients 2 21 11 3 


were underestimated by CT and one child also had a pan- 
creatic injury not diagnosed by CT scan. Another child 
who had a grade 2 injury developed a splenic abscess, 
which was probably due to hematogenous infection of a 
subcapsular hematoma. The two adults who failed ob- 
servation were 37 and 54 years old and both had grade 3 
injuries at operation, one of which was underestimated 
by CT. 

Ten adults and two children initially had operation. 
The average Splenic Injury Score in this group based on 
abdominal CT scan was 2.5 0.8 in adults and 2.8 + 0.8 
in children. In both adults and children there was an ob- 
vious trend toward operation rather than observation for 
initial treatment as the Splenic Injury Score increased 
(Table 3). This same trend was observed as patient age 
increased (Fig. 1). 

Overall splenectomy was done in 13 patients and 
splenic repair in four patients. When splenic injuries in 
these patients were reclassified at operation, CT scan un- 
derestimated the degree of injury in 9 of 17 (53%) patients 
who underwent operation (Table 4). The mean CT Splenic 
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TABLE 4. Comparison of Splenic Injury Score Assessed by CT 
and at Operation (n = 17) 


CT Score 
Operative Score I 2 3 4 
] 0 0 0 0 
2 0 3 0 0 
3 1 2 3 0 
4 0 2 4 2 


Injury Score was 2.6 + 0.8, while the average injury score 
assessed at operation was 3.3 + 0.8 (p < 0.01). Not un- 
expectedly, patients who had splenectomy had a higher 
grade of injury (3.5) than those who were treated with 
splenorrhaphy (2.8). 

Although fluid requirements during the 24 hours after 
injury were similar between operated and observed groups 
(54 + 34 mL/kg and 56 + 24 mL/kg, respectively), op- 
erated patients received twice as much blood as those who 
were observed (8 mL/kg versus 4 mL/kg). 


Discussion 


There have been four developments resulting in an in- 
crease in splenic salvage after blunt injury. First 
Whitesell '* demonstrated that fractures of the spleen after 
blunt injury are usually oriented perpendicular to the long 
axis of the spleen. These horizontal fractures are less likely 
to lacerate the larger segmental vessels of the splenic pa- 
renchyma because they occur 1n avascular planes between 
splenic segments. Second Upadhyaya and Simpson? ob- 
served that, in children, many transverse lacerations of 
the spleen were not actively bleeding at the time of sple- 
nectomy and suggested that operation was not necessary 
to control bleeding. The third development was the ac- 
ceptance by the medical community that the spleen has 
an important role in combating bacterial infection and 


‘that splenectomy done in a variety of circumstances could 


result in the development of late overwhelming septicemia 
in a small number of patients.'*!© Fourth, the develop- 
ment of noninvasive tests has allowed the determination 
of splenic injury without operation, initially by scintig- 
raphy of the spleen!’ and later by abdominal CT.'* The 
abdominal CT has proved useful to diagnose other intra- 
abdominal injuries that, when identified, may influence 
the management of splenic injury as well. This latter 
characteristic has led to supplantation of radionuclide 
scanning by abdominal CT scan as the noninvasive pro- 
cedure of choice for the diagnosis of blunt injury to the 
spleen. 

The success of the Toronto group by observation with- 
out operation for the management of blunt splenic trauma 
in children has been accepted as standard procedure for 
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children with splenic injuries.*!? Persistent hemodynamic 
instability, associated coagulopathy, the presence of other 
intra-abdominal injuries, or penetrating injury to the ab- 
domen all remain useful indications for operation in this 
age group. Early reports of selected adults with blunt 
splenic trauma managed by observation had varying de- 
grees of success,'3° suggesting that either there were in- 
trinsic differences between the spleens of adults and chil- 
dren or that other factors existed that determined the suc- 
cess of nonoperative management. These series did not 
stratify patients based on the degree of injury to the spleen. 
Two recent reports have noted that increasing age is a 
determinant for failure of nonoperative treatment of 
adults with blunt splenic trauma.*!** Differences in the 
thickness and elasticity of the splenic capsule between 
adults and children also have been described.” Others 
have reported that children are more likely to incur splenic 
trauma after a low-energy impact injury and postulated 
that the resultant damage to the spleen might be less se- 
vere.”4 

The major goal of nonoperative management for 
splenic injury is to select patients with injuries that are 
very likely to stop bleeding spontaneously and, therefore, 
a high degree of success can be achieved. The ability of 
the abdominal CT scan to determine not only the pattern. 
and degree of splenic injury but also to allow an estimate 
of the volume of free intra-abdominal blood has led to a 
greater acceptance of its use to diagnose blunt splenic 
trauma. It seems to us that the increased use of CT to 
evaluate blunt abdominal trauma has led to recognition 
of splenic injury in some patients who may not have had 
their injuries diagnosed previously because of minimal 
findings on examination. Most of these serendipitously 
identified injuries are minor and, therefore, these patients 
are more likely to be successfully managed without op- 
eration. The augmentation of reports of splenic trauma 
with patients who may have minor injuries accentuates 
the need for a classification system for injury to the spleen 
so that series can be compared with appropriate consid- 
eration given to the impact of degree of splenic injury on 
the success of management. 

Buntain and Gould® have suggested a grading system 
to evaluate the extent of splenic injury by CT and they 
have subsequently demonstrated a correlation between 
the degree of injury noted on CT scan and the success of 
nonoperative management.” Correlation previously has 
been shown between the ability to perform operative 
splenic salvage and the degree of injury to the spleen.*® 
A more recently developed Organ Injury Scale for splenic 
trauma has been proposed to evaluate and compare in- 
juries found either by CT or at operation.'° Cogbill et 
al?! using this system, have shown that nonoperative 
management of blunt splenic trauma is most successful 
in patients with more minor injury classifications. They 
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reported that overall 98% of children ard 83% of adults 
who had been carefully selected for nonoperative man- 
agement were successfully treated without operation. The 
high degree of success that they have reported with ob- 
servation may be explained by a large percentage of pa- 
tients with more minor injuries (grades 1 and 2) in their 
series. Pearl et al.!? have found that nonoperative man- 
agement of blunt splenic trauma was successful in 87% 
of children treated during a 5-year period; however pa- 
tients in their study were not stratified according to the 
degree of splenic injury. 

In the present study we have identified a difference in 
the success of nonoperative management between children 
and adults. We chose to categorize the two patient groups 
using 18 years of age to differentiate adults from children. 
Others?!” have used an age of 16 years to make this dis- 
tinction in patient populations. Had we used this lower 
age as a cutoff, the success of observation in adults would 
have increased. 

Two children who failed observation had grade 4 splenic 
injuries that were underestimated by CT diagnosis, and 
one child had a missed pancreatic injury. Avoidance of 
these problems by improved patient selection may further 
. Increase the success of nonoperative management in chil- 
dren. Both adults who failed observation had grade 3 
splenic injuries and were older than the average patient 
selected for nonoperative treatment. Others have noted 
that the success of observation decreased from 95% in 
patients with grades | and 2 injuries ta 81% in patients 
with grade 3 injuries.”! Cogbill et al.7’ had uniform failure 
of nonoperative management in only two patients with 
grade 4 injuries. Based on previous investigations and the 
present series, we believe that age taken in context with 
the degree of injury to the spleen may help improve the 
selection of adults likely to be managed successfully with- 
out operation. 

Previously we reported a 30% rate of success using in- 
tentional observation for splenic injuries in adults.'! While 
the number of adults managed by observation in the pres- 
ent series is small, our results indicate taat improvement 
in the success of nonoperative management can occur by 
using the CT scan to properly select patients according 
to the degree of splenic injury. The greater success with 
observation reported by some may be due to differences 
in patient selection, the inclusion of more patients with 
minor splenic injuries, or treatment philosophy. 

We chose to manage all adults who required blood 
transfusion by early operation, recognizing that these pa- 
tients had more severe splenic injuries and that operation 
might increase the chances to salvage the spleen. In only 
25% of these patients could the spleen be preserved. The 
grade of splenic injury in patients who had splenectomy 
was 3.5 on average, and 7 of 13 patients who had sple- 
nectomy had grade 4 injuries. Our results also suggest 
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that, given a similar degree of injury based on abdominal 
CT, adults were less likely to be successfully treated by 
observation than.children. We cannot determine whether 
this was due to the aforementioned differences in structure 
of the spleens of adults and children, actual differences 
in the degree of injury to the spleen, or other confounding 
variables. 

While we noted a potential trend in the utility of the 


CT-based grading scale to discriminate patient manage- 


ment, we also found a high rate of disagreement between 
the degree of injury determined by CT and at operation. 
This discrepancy was always due to underestimation of 
the grade of injury by CT scan and indicates some possible 
limitations of its usefulness. The Splenic Injury Score does 
not take into account such factors as longitudinal fractures 
that may cross segmental vessels within the splenic pa- 
renchyma and may be less likely to stop bleeding spon- 
taneously. Among the five patients who failed nonoper- 
ative management, three had an increase in the grade of 
injury assessed at the time of operation. There was a trend 
to select operation as initial management for patients with 
high splenic scores as determined by CT; however, when 
the information on operative grade was used retrospec- 
tively, this association was even more discriminating. The . 
injury scales suggested by Buntain and Gould® and Res- 
ciniti et al.? were not as useful as the Splenic Injury Score 
to select patient treatment. Pickhardt et al.,’ using the 
same Splenic Injury Score, have shown a correlation be- 
tween the degree of injury to the spleen and the success 
of splenic salvage. 

Many patients with splenic injuries will undergo op- 
eration without having a CT scan for diagnosis and de- 
cisions regarding splenic salvage will be made based on 
the degree of injury to the spleen noted at operation. Our 
basic approach is to preserve the spleen whenever possible. 
However it must be recognized that the overall condition 
of the patient, associated injuries such as severe fractures 
that may lead to confusion about the site of ongoing blood 
loss, or coexisting diseases may mitigate against splenic 
salvage. We did not find the Injury Severity Score useful 
in discriminating patient management choices for splenic 
injury. In contrast to others,” the distinction between 
high- and low-energy mechanisms of injury was not useful 
to guide treatment decisions, and this may represent an 
association based more on age-related activities rather 
than an actual predictive determinant. 

Although fluid requirements were similar between pa- 
tients who were observed and those who underwent op- 
eration, blood use was greater in operated patients. The 
lower fluid requirement and absence of blood use in adults 
treated by observation is difficult to attribute solely to the 
splenic injury alone, even though these patients did have 
a lesser grade of injury than children treated by obser- 
vation. This difference may be attributed to other factors, — 
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particularly associated injuries, or to selective tolerance 
of a lower value of hemoglobin before transfusion.’ 

Based on our results, we agree that the abdominal CT 
scan is useful to recognize and categorize the degree of 
splenic injury, although CT scan tends to underestimate 
the severity of injury when compared to grading at op- 
eration. The present injury scoring systems used for CT 
grading of injuries do not address the issue of longitudinal 
fractures of the spleen, which may be less likely to stop 
bleeding without operative treatment. Computed tomog- 
raphy may fail to detect coexistence abdominal injuries, 
hence strict attention to patient assessment and changes 
in condition is necessary to identify the patient who needs 
operation for reasons other than splenic injury. Given 
comparable degrees of injury, children seem more likely 
to be managed successfully without operation than adults. 
Identification of major splenic injuries on CT (grade 4 for 
children, grade 3 for adults) should lead to prompt op- 
eration rather than observation, even though the patient’s 
condition appears stable. Age is another important factor 
that must be considered when management decisions are 
made. We believe that these issues and future develop- 
ments in the diagnosis, classification, and management 
of blunt splenic trauma will further refine the treatment 
of splenic injury. 
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serious injuries, particularly of the hollow viscus in the abdominally 
injured patients, leading to prolonged severe septic complications and 
hemorrhagic complications. I have three questions for Mark. 

First, what defines an adequate abdominal CT? Does this include both 
oral and intravenous contrast material? Clearly in some of the series in 
which missed injuries have been reported, both routes, oral and intra- 
venous contrast, have not been used. 

Second, you mentioned in your abstract that there were some short- 
comings in terms of missed injuries. Do you have any other missed 
injuries other than the pancreatic injury that was reported in the abstract? 

Finally, if you think that hemoperitoneum is an indication for operative 
intervention in the adult patient, shouldn’t you use a diagnostic peritoneal 
lavage even after a period of stability rather than an abdominal CT? 


Dr. ALEX HALLER (Baltimore, Maryland): It has been very interesting 
during the last several decades to watch the evolution of management 
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of splenic injury, both from the battlefield and also from the sidelines. 
Although Dr. Feliciano correctly pointed out that the first evidence that 
removing the spleen would significantly alter immunologic function was 
in rats, this data did not catch my attention nearly so much as when 
one of our members, Dr. Harris Shumaker, pointed out in children that 
' there was a significant immunologic deficit after removal of the spleen 
for hematologic abnormalities. That observation was in 1952. So 37 
years ago we were alerted to the fact that splenectcmy might create prob- 
lems. What we have heard today is an evolution of this concept of SOS— 


save our spleens—because this concept also applies to teenagers and 


young adults. 

Just as in our experience 4 years ago when we studied a group of 
children prospectively using CAT, scanning, the authors had very few 
false-negative or false-positive results, As a matter of fact, in our experience 
with 84 children who were prospectively studied, and who were uncon- 
scious with Glasgow Coma scores under 10, we found that there were 
no false-positive and two false-negative results, both of whom subse- 
quently were found to have a ruptured small intestine. This complication 
was picked up in the intensive care unit where they were under constant 
observation and they were subsequently operated on. 

I am delighted that this symposium is discussing techniques of sple- 
norrhaphy, which would have been unheard of at the Southern Surgical 
a decade ago. Now we are looking at selective management because, in 
Dr. Spencer’s series, these patients selected themselves. The majority of 
those patients could have been managed during one first golden hour 
without operative intervention had we the data and the courage to go 
forward with that approach. 

J would like to ask the authors of the paper from Louisville whether 
they believe that, on the basis of this experience, they still need to use 
diagnostic peritoneal lavage? If you identify blood in the peritoneal cavity 
but you are not going to operate on those patients if they are hemody- 
namically stable, why do the lavage? If you are going to follow those 
patients on the basis of their hemodynamic status, then you don’t need 
to know whether there is blood in the peritoneal cavity. 

We use peritoneal lavage only in patients who are hemodynamically 
stable and need to go immediately to the operating room for another 
indication under anesthesia. Then we will do tke peritoneal lavage in 
the operating room. If it is positive, we will also carry out a laparotomy. 

In Louisville, are you using peritoneal lavage now that you have the 
CT scan protocol for this group of patients? Aad if so, what are the 
indications? 


Dr. RICHARD BELL (Columbia, South Carolia): It still appears to 
me that the preferred method for abdominal evaluation in the bluntly 
traumatized individual remains controversial. Both diagnostic peritoneal 
lavage and computed tomography have advanteges as well as pitfalls, 
Perhaps the advantages offered to us by the new generation of CT scanners 
will obviate the present problems and improve the precision of diagnosis. 

This may increase our ability to determine not only injury to an organ 
but also the degree of injury. Once this can be accomplished, we may 
be able to develop a rational basis for therapeutic decisions rather than 
relying on incomplete information, tradition, or p2rsonal or institutional 
bias. 

The work by the Louisville group suggests that a quantitative guide 
to determine selective management of splenic injury should be developed, 
prospectively studied, and validated. Little work to date has been done 
in this area and the authors have retrospectively reviewed their clinical 
efforts with thoroughness, thoughtfulness, and caution. 

It is always a pleasure to comment on work zhat supports my own 
bias. Our experience at the University of South Carolina is similar, sug- 
gesting that there are differences in the injured adult patient with respect 
to the spleen. 

A cursory review of 108 splenic injuries in our adult patients from 
1985 to 1988 reveals that 45% had an additional intraperitoneal or ret- 
roperitoneal injury, which we considered surgically significant. 

Splenic injury in adults appears to be a different disease than in children. 
As aptly demonstrated by this report, the data suggest that the failure 
rate of conservative nonoperative observation in adults is twice what 
was reported in the pediatric population, even though the splenic injury 
severity score was less in the adult population. 

I have several questions for the authors. Because computed tomography 
underestimated the degree of splenic injury as determined at the time 
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of surgery in 9 of 17 patients, can we assume that it underestimated the 
degree of injury in those who did not fail the trial of nonoperative therapy, 
and if so, is this of any clinical concern? 

Second, the group that underwent operative intervention received more 
blood than the observed group. Was this due to a more serious splenic 
injury resulting in greater blood loss, associated injuries, or both? 

As the authors suggest in their manuscript, would the determination 
of the axis of splenic injury modify the approach to management? Dr. 
Malangoni and his coworkers have suggested a potential clinical difference 
with respect to blood loss between horizontal and longitudinal lacerations 
to the splenic pulp. 

Should we take cuts with smaller intervals through the spleen with 
our scanners? . 

Was there any additional morbidity or mortality associated with sub- 
sequent operative intervention imposed by the delay itself on those who 
failed observation, and did this influence your ability to perform splenic 
salvage operations? 

Finally, in many centers radiologists are not always available 24 hours 
a day to render an opinion. At 2:00 A.M. the surgeon must make the 
decision to observe or to operate without the interpretation offered by a 
radiologist. Can you comment on this aspect of your study? Specifically, 
is there a difference between what the radiologist sees, often in retrospect, 
compared to the nonradiologist, and would this difference influence de- 
cision making? 

I think the work points out that splenic injuries are not identical in 
adults and children. In many cases splenic salvage for adults may be best 
accomplished in the operating theater. 


Dr. JAMES O'NEILL (Philadelphia, Pennsylvania): I congratulate Dr. 
Malangoni for his presentation and, as a general surgeon with special 
interest in children, I thought it might be interesting to share some of 
our own experience with this technique. 

Diagnostic peritoneal lavage has gone out of use with very few excep- 
tions in our center, primarily children with overwhelming head injuries 
and that rare group that has hypotension without obvious hemorrhage. 

We have recently studied 123 consecutive patients who had splenic 
injuries, all of whom were evaluated by computed tomography with 
double-contrast technique. 

It is of interest that 70% of these patients were treated without operation, 
and this may suggest that there is a difference in children as compared 
to adults. But as consider what I have heard today, which is remarkable 
to someone interested in children, when you think back to the time 
when many people thought that spleens should always be removed, I 
am not so sure that children are necessartly so different. It may be that 
surgeons are different in their approach to the patient and their degree 
of confidence in observation of such patients. Only time will tell whether 
that is the case or whether, indeed, adults have less tendency to vaso- 
constriction at the splenic level or not. 

So 30% of our patients were operated on and only three in the last 9 
years have had splenectomy. No patient has had arterial ligation, and 
we certainly wouldn’t select that if we could avoid it. 

Almost all our patients have had blunt injuries. Many of our patients 
have been found to have splenic injury when they were suspected not 
to have splenic injury from the use of computed tomography, and it is 
not surprising that many of those patients did very well indeed. Overall 
it has been a 95% salvage rate as we have looked at patients with splenic 
injuries in the last several years. 

We have not found that it is necessarily valid to conclude that a grade 
IV injury cannot be treated by observation because of the periodic ob- 
servation of patients who have been admitted 3 days or so after injury 
with grade IV injuries. Even though it has been stated that CT may 
underestimate the nature of a splenic injury, it is the stability of the 
patient, combined with that radiographic observation, that determines 
what we do. 

_ I have a question that is a little different from any of the other issues 
raised this afternoon, and it has to do with postoperative management. 

Some experimental evidence from our own laboratory and the labo- 
ratories in Buffalo suggest that if you have more than a third of your 
splenic mass you are probably protected, provided that you have splenic 
artery supply to that splenic remnant. So we have taken the point of 
view that if you have one half or more of your spleen, you probably 
don’t need immunization, but if we have patients with less than 50% of 
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splenic mass, whether they are being observed or they have been operated 
on, we have immunized them with both pneumococcal and H flu vaccine 
and protected them with oral penicillin. 

I would ask Dr. Malangoni whether he shares any of these experiences 
and what he thinks about immunization for such patients after operation, 
whether they are children or adults. 


Dr. THOMAS A. GASKIN, III (Birmingham, Alabama): We have all 
struggled among surgeons to try to develop an algorithm to minimize 
the adverse outcomes in splenic injuries. You have introduced a new 
variable and the variable is radiographic interpretation, whether by a 
surgeon or a radiologist. 

I would like to invite an analogy with the receiver operator curve 
concept in mammography and how to approach decisions using that 
concept. 


- Dr. CHARLES G. WARD (Miami, Florida): I was struck by Dr. Haller’s 
comment about how concepts have changed in the past 10 years. I would 
ask the authors of these three excellent papers to continue to look at 
their patients 10 years hence and see if those who received herniorrhaphy 
really fall back in the normal category witk the instance of sepsis. 


Dr. M. A. MALANGONI (Closing discussion): Dr. Moylan pointed out 
that the technicue of CT is extremely important and we would agree 
that the administration of both oral and intravenous contrast is necessary 
for an adequate examination. If that is not done, the error rate will 
increase accordingly. The only missed injury we had in our patient pop- 
ulation was the pancreatic injury, and that was picked up by repeated 
exam and continued monitoring of the patient. We can’t forget that this 
needs to be done after the CT is completed. 

We do CT scans only for patients who have localized findings and in 
those in whom we suspect that splenic injury is the only abdominal 
organ injury or for those patients in whom diagnostic peritoneal lavage 
is contraindicated. We do not routinely use CT scans to evaluate our 
other abdominal trauma patients. 

This leads me into the provocative questions that Dr. Haller asked. 
Most of our patients with hemoperitoneum have injuries other than to 
the spleen, so therefore we only use the CT, as I mentioned, and we 
continue to use diagnostic peritoneal lavage preferentially in our adult 
patients. That is not the case, however, in the children with splenic injury. 
As I mentioned, it is part of our management protocol to do CTs in 
those patients, except in those who have demonstrated persistent he- 
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modynamic instability in whom it is better to operate immediately rather 
than to spend some time in the CT scanner. 

I should mention that our goals of nonoperative management are to 
select those patients who will stop bleeding spontaneously, and I woulé 
add that the goals of operative management are to select those patients 
who will not stop bleeding by some other means. Therefore the goal is 
really the same, and that is to stop bleeding in these cases. We think that 
nonoperative management is best done by evaluating the patient’s overal. 
condition, the condition of the splenic injury, and the patient’s age. 

Dr. Bell asked about underestimation of injury by the CT and what 
we should do about it. I believe that is an unanswerable question and is 
not really clinically important to us. He did emphasize the importance 
of longitudinal fractures and we believe that you have to interpret the 
direction of the fracture on CT. The longitudinal fracture that crosses 
the trabecular vessels of the spleen is more likely to bleed persistently 
and not be amenable to nonoperative management. Indeed our patients 
who had greater degrees of blood loss had greater degrees of splenic 
injury, as injury severity scores were similar. 

The patients who had longitudinal fractures failed more often, and I 
don’t think a change in scanning technique is necessary. It 1s the inter- 
pretation that is the key here. We did not incur any additional morbidity 
or mortality in these patients with delayed treatment. We did believe, 
however, that we were more likely to perform splenectomy at operation 
for those patients who failed because of the friable nature of the spleen 
at that point. 

It is very important that you have someone who can interpret the 
scan on hand in the hospital, whether that be a radiologist or a surgeon. 
If neither of these people are present, then I suggest that you not do CT 
scans, which I believe answers Dr. Gaskin’s question as well. That is. 
the CT has to be interpretable so you know what to do with the infor- 
mation. 

Dr, O’Neill, we believe that children are different from adults and that 
the risk~benefit ratio for blood transfusion compared to overwhelming 
postsplenectomy infection seems to be different. There are clearly different 
results reported when children are followed for overwhelming postsple- 
nectomy sepsis after splenectomy for blunt trauma compared to adults. 
This fact must be taken into account. We were not readily able to tolerate 
transfusion in our adult patients who were managed without operation, 
whereby in the management of children and teenagers we would tolerate 
a hemoglobin level as low as 8 with no transfusion, and we were able to 
manage some of these patients by that means. Our postoperative practices 
are the same as yours for children, and for adults we do not give anti- 
biotics, but rather immunization. 
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Both map-guided endocardial resection (ER) and the automatic 
implantable cardioverter defibrillator (AICD) are currently used 
for surgical treatment of patients who have sustained ventricular 
tachyarrhythmias. Some authors have preferred AICD implant 
due to a lower published operative mortality rate. To determine 
if there is a discrepancy in mortality rates between the two tech- 
niques, we analyzed hospital survival in 46 patients undergoing 
ER and in 44 patients undergoing AICD implantation during the 
same 3-year period. Two ER patients (4%) died before hospital 
discharge. Two patients (4%) died after AICD implantation. At 
predischarge electrophysiologic study five patients (11%) had 
inducible ventricular tachycardia and received antiarrhythmic 
drug therapy after ER. In contrast 35 of 42 patients surviving 
AICD placement received chronic long-term antiarrhythmic 
therapy (p < 0.05 compared to ER). Our experience shows that 
ER and AICD placement may be carried out with similar pro- 
cedure-related mortality and morbidity rates. Lower operative 
risks should not be a reason for choosing the AICD over ER for 
surgical treatment of ventricular tachyarrhythmias. The AICD 
may actually improve the results of ER by offering an alternative 
to ventriculotomy in poor-risk surgical candidates. 


URGERY FOR VENTRICULAR tachyarrhythmias has 
undergone many changes and there is no consensus 
over which procedure is optimal for most patients. 
At present map-guided endocardial resection (ER) and 
implantation of the automatic implantable cardioverter 
defibrillator (AICD) are the two most widely used surgical 
treatments for patients who have had sustained ventricular 


tachyarrhythmias. The specific indications for one mo- _ 


dality over another are still controversial. Hammon! has 
suggested that the better-risk patient with a single mor- 
phology of ventricular tachycardia (VT) would be better 
served by ER, with AICD implantation reserved for pa- 
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tients with multiple VT morphologies or those patients 
with multiple scars. Others” have all but abandoned ER 
because they have observed only moderate success rates 
and a significant surgical mortality. Automatic implant- 
able cardioverter defibrillator is believed to be a safer pro- 
cedure than ER in terms of operative mortality rate and 


.. Its use has increased in frequency. The mortality rate for 


ER has been approximately 15% to 20%, even in expe- 
rienced centers.** Postoperative arrhythmia inducibility 
at electrophysiologic study following ER has also been 
high, with a mean of 23.8% in a group of reports surveyed 
by Cox.’ In contrast the AICD has had a hospital mortality 
rate of less than 5% and is very effectiy;, in preventing 
sudden death.* If ER was truly associated with a fourfold 
increase in hospital mortalities, with no improvement in 
outcome, then serious reservations about continued use 
of the procedure should be raised. The purpose of the 
present study is to determine the operative risks and ef- 
ficacy of the AICD versus ER. 


Materials and Methods 


We retrospectively reviewed the in-hospital mortality 
and procedure-related morbidity rates in 46 patients who 
underwent ER and compared it to that of 44 patients who 
underwent AICD during the same 3-year period from 
1986 to 1989. This period of time was chosen because it 
was when the AICD became readily available at our in- 
stitution. The patients who were considered for either 
procedure underwent contrast ventriculography and se- 
lective coronary angiography and multiple injections. 
Preoperative and postoperative electrophysiologic studies 
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Fic. 1. The AICD is paced through a short thoracotomy with a subcostal 
pocket. 


were performed in the majority of the patients using pre- 
viously described techniques. A positive postoperative 
study was deñned as any sustained monomorphic VT, 
even if different from the previously demonstrated clinical 
arrhythmia. Ventricular fibrillation or polymorphic VT 
in response to triple extra stimuli was not considered sig- 
nificant. 


Surgical Technique (Endocardial Resection) 


All patients in this group underwent intraoperative 
mapping and sequential ER. The technique has been de- 
scribed in detail.” Briefly, mapping and resection were 
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performed during normothermic cardiopulmonary by- 
pass. Sequential mapping, resection, and/or cryoablation 
(R. Wallach Cryoprobe, Milford, CT) were performed 
until no further VT could be induced during operation. 
At this point the aorta was cross clamped, hypothermia 
was induced, and cardioplegia was given for any coronary 
bypasses or valve replacements, if needed. If only aneu- 
rysm resection was performed, no cross clamping was used 
and normothermic bypass was maintained. In those sit- 
uations in which VT could not be induced in the operating 
room, an extended subendocardial resection was per- 
formed, followed by retesting at the end of the procedure.® 
Two patients with out-of-hospital cardiac arrest and no 
inducible intraoperative VT underwent extended ER and 
also received AICD implantation. These patients are in- 
cluded in the ER group for analysis. The mean cardio- 
pulmonary bypass time was 95 + 23 minutes. 


AICD Implantation 


When the AICD was implanted without concomitant 
coronary artery bypass grafting (CABG), it was performed 
through a short left anterior thoracotomy and the device 
itself was placed in a subcostal pocket.”'° Our preference 
was to use two large patches, one anterior and one pos- 
terior (Fig. 1), but occasionally we had to use a smaller 
patch anteriorly. The device was tested after patch posi- 
tioning and a defibrillation threshold of < 20 J was ac- 
cepted. When the AICD was implanted at the time of 
coronary artery bypass operation, it was placed through 
a median sternotomy during the rewarming period after 
coronary revascularization. 


Statistical Analysis 


Unpaired groups were compared by t test and signifi- 
cance was achieved when p < 0.05. Comparisons between 
groups were performed using analysis of variance. 


Results (Table 1) 


Forty-six patients underwent ER and 44 patients un- 
derwent placement of the AICD during the period re- 
viewed. Of those who underwent placement of the AICD, 
11 had concomitant CABG. Characteristics of the two 


TABLE 1. AJCD versus Endocardial Resection—Patient Characteristics 


Age Ejection 

Number (years) Fraction 

AICD 44 59 + |4 33 + 16% 
ER 46 614 9 3h + 9% 


*p < 0.05 


Preop. Coronary Artery Recent MI 
Arrhythmia Disease (%) (within 60 days) 
VF-11* 70 3 (7%) 
VT-33 
VF-5 100 11 (24%)* 
VT-41 : 
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TABLE 2, AICD versus Endocardial Resection—Operation and Results 
Required Required Postop. Antiarrhythmia 
Number CABG Deaths Reoperation Drug Therapy 
AICD 44 11* 2 35/42 (83%)* 
ER 46 27 2 5/44 (11%) 
*p < 0.05 


groups are analyzed in Table 1. There were three signif- 
icant differences: the incidence of coronary disease was 
100% in the patients who underwent ER and 70% in the 
patients who underwent AICD placement (p < 0.05); the 
incidence of out-of-hospital ventricular fibrillation as the 
clinical presentation was also significantly higher in the 
AICD group compared to those who underwent ER; and 
recent myocardial infarction was higher (p < 0.05) in the 
ER group. l 


Mortality and Morbidity (Table 2) 


_ The hospital mortality rates for botk groups were sim- 

ilar. There were two hospital deaths in the group under- 
going ER (4%) and two deaths among the patients un- 
dergoing AICD implantation (4.5%). Among the AICD 
patients there were no deaths in the group undergoing 
AICD implantation combined with CABG. The two pa- 
tients who died in the ER group included one who died 
after a perioperative stroke and another who died of pul- 
monary embolus after a prolonged hospital stay just before 
a planned discharge. Both AICD patients died of respi- 
ratory insufficiency and congestive heart failure. The need 
for reoperation was also similar in the two groups. Two 
patients in the ER group (4%) required reoperation 
(bleeding in one and ventricular septal defect in another). 
In the AICD group one patient required reoperation to 
reposition epicardial patches, and another patient required 
an AICD explanation for infection. At predischarge elec- 
trophysiologic study, 39 of 44 patients had no inducible 
VT and were discharged and off all antiarrhythmic drug 
therapy. Five of forty-four surviving patients (11%) re- 
ceived antiarrhythmic drug therapy after ER. Antiar- 
rhythmic drugs were prescribed in 35 of 42 patients sur- 

viving AICD implantation (p < 0.05). 


Discussion 


The AICD was introduced into clinizal practice in 1980. 
It has proved to be effective in reducing sudden death 
mortality.!! The published operative mortality rate has 
been approximately 4%.'* This has compared favorably 
with the risk of ER where, even in experienced centers, 
the operative mortality rate has been 15%.'* This has led 
many centers to prefer AICD implantation to ER. Even 
if coronary revascularization is necessary, the high-risk 
patient can be treated safely with AICD and CABG.'*"° 


Despite these observations it must be acknowledged 
that AICD has limitations. Although AICD implantation 
decreases death due to arrhythmia, the long-term survival 
rate is poor and patients may succumb to heart failure.'©!” 
Postoperative drug therapy is usually required, which may 
be associated with significant adverse effects and myo- 
cardial depression.'®!9 Postoperative infection can 
occur”?! and explantation of the device may be required, 
as in one patient in our series. The battery needs replace- 
ment approximately every 2 years and false discharges 
occur.”* The AICD does not prevent arrhythmias; rather 
it merely terminates them after they have begun. Symp- 
toms may develop before discharge and, therefore, may 
limit patients’ activities (such as driving). 

In contrast, patients whose arrhythmias become non- 
inducible after ER do not require chronic antiarrhythmia 
therapy and their activities need not be limited due to the 
risk of recurrent arrhythmias. 

Our experience has demonstrated that both AICD and 
ER can be carried out with similar procedure-related 
mortality and morbidity rates. Appropriate patient selec- 
tion for these two effective therapies will improve patient 
management. Because the AICD is not designed to prevent 
arrhythmias, the good-risk patient with appropriate sur- 
gical anatomy and a mappable arrhythmia will certainly 
do well with ER.” Those patients with polymorphic ar- 
rhythmias or ventricular fibrillation, or patients with pro- 
hibitive surgical anatomy can be treated very effectively 
with AICD implantation. Therefore the decision to use 
either of these modalities must be individualized. Lower 
operative risks should not be a factor for choosing AICD 
instead of ER. In fact, by eliminating the use of ER as a 
last resort in patients with unfavorable anatomic or elec- 
trophysiologic features, AICD may actually result in im- 
provement in the results of ER. 
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DISCUSSION 


Dr. W. HAMMON, JR. (Nashville, Tennessee): I think we are all in- 
debted to Dr. Kron for ptoneering many aspects of arrhythmia surgery, 
especially his sequential endocardial resection. 

Dr. Kron described two equal groups of patients who were essentially 
of the same age, the only difference was that the group receiving endo- 
cardial resection had a much higher incidence of ventricular tachycardia 
as their presenting arrhythmia and the group with the ICD had primary 
ventricular fibrillation. 

I did notice, however, in his group with endocardial resection that five 
of the patients had fibrillation as their presenting arrhythmia and I am 
wondering if these weren’t patients who, soon after myocardial infarction, 
had a more malignant type of polymorphic ventricular fibrillation that 
required urgent or more emergent operation. That has been our expe- 
rience. 

We also had a third group of patients on whom we have operated 
using endocardial resection. Our cardiologists are very highly biased to- 
ward drug therapy in these patients, and all of our patients having en- 
docardial resection have at least been tried on one and usually two drugs 
and have failed these drugs and had positive EP studies before operation. 

Another group, however, is a group of patients who present with ven- 
tricular aneurysms, a single scar, and monomorphic ventricular tachy- 
cardia and have unstable angina pectoris and require coronary bypass 
grafting. 

Our mode of therapy in these patients is to perform the bypass grafting 
in conjunction with an endocardial resection, some sort of mapping 
procedure in the operating room, because these patients cannot be 
mapped before operation in the cardiac catheterization or electrophys- 
iology laboratory because of their severe ischemic syndrome. Therefore, 
these patients represent at least one half of the patients who we have 
operated in the last 3 years, and we have about the same postoperative 
result in these patients at Vanderbilt, and wonder if Dr. Kron had seen 
the same group. 

I would like to take Dr. DiMarco back to Nashville with me because 
I noticed in Dr. Kron’s paper that their definition of a positive postop- 
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erative EP study is slightly different from ours. Their definition of a 
positive study is, if another focus of monomorphic V-tach can be induced, 
or if the patient’s previous ventricular tachycardia occurs, our cardiologists 
adhere to a little different standard and put us on the spot a bit more. If 
any ventricular arrhythmia occurs, including the patient’s original ar- 
rhythmia, a new focus of monomorphic V-tach, polymorphic V-tach, 
or ventricular fibrillation, they count that as a positive study. Therefore 
we have a slightly higher incidence of positive postoperative studies. 
About 15% to 17% of our patients have received drug therapy or, in 
some cases, have had a defibrillator implanted as part of the postoperative 
management. Therefore we implant defibrillator patches on all of our 
patients undergoing endocardial resection, and because this was not 
specified in the paper or presentation, I would like to ask Dr. Kron to 
elaborate if they do implant defibrillator patches on their patients and 
if these defibrillator patches are then used if the patients have a positive 


_postoperative study. 


We have found that in the patients with a negative EP study that we 
have not yet had to connect a defibrillator in any one of these patients. 


Dr. JAMES KIRKLIN (Birmingham, Alabama): Dr. Kron’s excellent 
results in the directed surgical therapy of ventricular dysrhythmias are 
well recognized. As he implies, there is continuing misconception and 
controversy among some regarding the precise roles of the AICD and 
directed surgical therapy. As implied in the presentation, the evolution 
of available therapies is such that currently drug therapy, the AICD, and 
directed surgical therapy should be viewed as complementary rather than 
competitive approaches to this problem with the common goals being 
prevention of sudden death from ventricular tachycardia and dibrillation, 
preservation of left ventricular function, whenever possible, and avoidance 
of early mortality after the procedure, which is usually related to acute 
cardiac failure. There are certain subsets of patients who are clearly best 
treated by one method or the other, and generally agreed on by electro- 
physiologists and cardiac surgeons. Specifically, those who have a discrete 
left ventricular aneurysm, as has been shown by Dr. Ostermeyer and his 
colleagues, or those who have particularly well-preserved nonaneurysmal 
ejection fraction and those with a single or two monomorphic foci of 
ventricular tachycardia are well suited to endocardial resection. In con- 
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trast, those patients with global poor left ventricular function, the absence 
of a discrete aneurysm, those with polymorphic ventricular techycardia, 
and those with isolated episodes of ventricular fibillation seem to be 
better treated by the implantable defibrillator. 

In view of the complex decision making and important details of the 
various therapeutic options available, I wonder if I could ask Dr. Kron 
to further elaborate on his precise indications for zach mode of therapy 
in the current era, vis-a-vis the details of left ventricular function, previous 


cardiac surgery, the presence or absence of discrete left ventriculae aneu- ` 


rysm, the electrophysiologic details of ventricular techycardia as well as 
the requirements for previous drug failures. 


Dr. IRVING L. KRON (Closing discussion): In answer to Dr. Hammon’s 
questions, the five patients with ventricular fibrillation in the endocardial 
resection group were, indeed, patients with more rapid arrhythmias fol- 
lowing recent myocardial infraction. 

However the arrhythmias in all these cases could be organized and 
mapped during operation, and they did just as wall as other patients. 

The question about preoperative mapping in all cases is an excellent 
one. In fact, we think our electrophysiologists are as brave as anybody, 
and it is amazing to see the work they do in the EP lab, but we wouldn’t 
use preoperative mapping in patients with severe unstable coronary dis- 
ease. In these cases we plan to map them and start the arrhythmia in 


the operating room. Our percentage is not quite as high as Dr. Hammon’s, . 


but we think it is an excellent approach. 

I would agree with Dr. Hammon’s comments on Dr. DiMarco and 
also his colleague, Dr. Haines. They are great electrophsiologists and 
they understand the operating room. 

I mentioned this distinction about what a positive postoperative EP 
study is because it does vary in the literature, which makes it hard to 
compare surgical results. Our belief is that a positive postoperative study 
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is any inducible monomorphic ventricular tachycardia. This differs from 
other authors who only count ventricular tachycardias that are the same 
as the one that occurred before operation. We think you can alter the 
arrhythmia by your operation. However it is very possible to always start 
polymorphic arrhythmias or ventricular fibrillation in just about any 
one you if you work hard enough, so we don’t count disorganized ar- 
rhythmias as a positive study, and I think there may be a difference in 
some of our results and some of Dr. Hammon’s and others. 

What about implanting the AICD at the time of the procedure? We 
have done this twice and both times we used the AICD at the discretion 
of the referring cardiologist. One physician asked that no matter what 
we did, he wanted a defibrillator. We did, and that machine never went - 
off. The patient did well. The other patient had poor mapping in the 
operating room. We put on the patches but the patient did not require 
a defibrillator. 

To respond to Dr. Kirklin’s comments about the precise indications: 
this is the key issue. What we really wanted to say was that the operative 
risk really isn’t the issue here. There are specific mdications and both 
AICD and endocardial resection are very effective procedures. 

In a patient with a discrete anterior left ventricular aneurysm or infarct, 
we would consider endocardial resection, particularly if they don’t have 
multiple infarcts. If they have a posterior infarct, we would prefer a 
defibrillator with drug therapy. We think that in anatomic setting the 
papillary muscles are almost always involved, and we would feel a need 
to resect those and do a mitral valve replacement. 

We don’t think that previous surgery is a contraindication, but probably 
the most important indication other than the anatomy is the type of the 
arrhythmia. If it is a monomorphic arrhythmia, or can be easily organized 
and easily mapped, then that is a good patient for endocardial resection. 
If it is a polymorphic arrhythmia or ventricular fibrillation, AICD is very 
effective therapy, and we would use that under the circumstances. 
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Host immunosuppression after trauma contributes to septic 
morbidity. The macrophage is a key element in the host immune 
response. This study evaluated glucan, a macrophage stimulant, 
in a prospective, randomized, double-blind study of 38 trauma 
patients undergoing surgery. Glucan (21 patients), 50 mg/m’, 
or placebo (17 patients) was given intravenously daily for 7 days. 
Delayed hypersensitivity skin testing was performed on days 1 
and 7 after trauma. Serum interleukin-1 (IL-1) and tumor ne- 
crosis factor (TNF) were assayed after trauma. While the total 
mortality rate was significantly less in the glucan group (0% 
versus 29%) (p < 0.05), the mortality rate from sepsis was not 
statistically different (0% versus 17.6%). Glucan therapy signif- 
icantly decreased septic morbidity (9.5% versus 49%; p < 0.05). 
Serum IL-1 had a greater increase in glucan patients on day 3 
after trauma (143.4 + 19.3% versus 78.6 + 11.7%; p < 0.05), 
but there was no difference thereafter. Serum TNF did not vary 
between groups. Early increase in IL-1 correlated with subse- 
quent skin test conversion to positive. Neither serum IL-1 nor 
TNF was a reliable indicator of future sepsis. Further clinical 
trials are indicated to evaluate biologic response modifiers that 
activate macrophages in the trauma patient. 


in the care of the trauma patient. Improved field 

resuscitation and rapid transport to level 1 trauma 
centers have resulted in improved early survival after 
traumatic injury. However subsequent morbidity and 
mortality related to sepsis are still major problems in the 
complete recovery of the trauma patient. A primary factor 
in the development of sepsis is depression of host-immune 
response after severe injury. Previous studies have doc- 
umented that both cellular’? and humoral*® immunity 
are diminished in the patient with severe injury. Altered 
macrophage function is reported to be a key element in 
the increased susceptibility to sepsis after trauma.’? An- 


T HE PAST DECADE has witnessed major advances 
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tigen processing and presentation by the macrophage, 
which is essential for proper lymphocyte response, is sup- 
pressed after hemorrhage’ and tissue trauma.’ Macro- 
phage secretory products such as interleukin-! (IL-1) and 
interferon, which are important mediators of immune 
defense, are decreased after trauma.’ In response to 
trauma, so-called inhibitory macrophages produce pros- 
taglandin E, (PGE;), which is capable of suppressing a 
variety of immune functions.’® In addition serum opsonin 
levels and reticuloendothelial clearance of bacteria are 
depressed in the trauma patient.’! 

Given the central role of the macrophage in mediating 
the overall immune response, a reasonable approach to 
the amelioration of immune suppression in the trauma 
patient might include biologic response modifiers (BRM) 
that enhance macrophage function. Our laboratory has 
extensively studied glucan, a potent macrophage stimulant 
that has been shown to be beneficial in animal models of 
sepsis, >! trauma,'* and wound healing.!? The present 
study was designed to assess the value of glucan in a pro- 
spective trial of trauma patients. In addition the mono- 
kines IL-1 and tumor necrosis factor (TNF), which may 
be important in maintaining host-immune responsive- 
ness, !6-!8 were measured in the early post-trauma period, 
and correlated with delayed hypersensitivity skin testing 
and the subsequent development of sepsis. 


Methods 
Patient Population 


The Trauma Institute in Torino, Italy is the equivalent 
of a level 1 trauma center and is the only such facility 


606 


serving approximately 1.2 million people. The study was 
designed to evaluate patients admitted to the Trauma In- 
stitute between the ages 18 and 65 years who underwent 
exploratory laparotomy or thoracotomy for trauma. Ex- 
cluded patients included those with cirrhosis, renal failure, 
severe head injury, or reproductive potential. Eligible pa- 
tients were entered into a prospective, randomized, dou- 
ble-blind study to receive either glucan (50mg/m7) or sa- 
line placebo intravenously daily for 7 days after operation. 
This dose of glucan has been demonstrated to increase 
interleukin-1 and interleukin-2 production in humans. !? 
All colon injuries were treated with colostomy and delayed 
primary wound closure. All patients received prophylactic 
antibiotics, usually a cephalosporin, for 5 to 7 days. Sub- 
sequent antibiotic therapy was contingent on signs of 
clinical infection, as well as appropriate culture and sen- 
sitivity results. Patients underwent intraoperative auto- 
transfusion as indicated. Parenteral nutrition was begun 
immediately after operation in all patients and continued 
until bowel function returned. Postoperative ventilator 
support was used in all patients. Weaning from the ven- 
tilator and subsequent extubation was scheduled on an 
individual patient basis. An index of injury severity was 
established by calculating the Injury Severity Score 
(ISS)?! and the Abdominal Trauma Index,” as previ- 
ously described. 

Skin tests were applied on days 1 and 7 after trauma 
using the Multi-Test device,” which uses seven antigens 
(tetanus, diphtheria, streptokinase/dornase, tuburculin, 
candidin, tricophytin, and proteus) and one control. 
Anergy was judged to be less than two reactions of 2 mm 
induration.” | 

A clinical infection was documented when the patient’s 
temperature rose above 39 C daily and there was evidence 
of major soft-tissue involvement with positive bacterial 
cultures (wound, lung, or abdomen). 

This clinical protocol was approved by both the Com- 
mittee on Use of Human Subjects at Tulane University 
and the Institutional Review Board of the Trauma Insti- 
tute, University of Torino, Torino, Italy. Informed con- 
sent was obtained from all patients or their immediate 
next-of-kin. 


Glucan Preparation 


Soluble glucan was prepared in the Departments of 
Surgery and Physiology laboratories, Tulane University 
- School of Medicine. Particulate glucan was prepared by 
`- a modification of a previously described procedure.”> Sol- 

~uble glucan was prepared according to the process de- 
scribed in United States Patent 4,739,046. The glucan 
was shown to be endotoxin free as determined by 
the Limulus lysate procedure (Sigma Chemical Co., St. 
Louis, MO). 
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Blood Analysis 


Blood was collected in siliconized glass tubes on days 
1, 3, 5, 7, and 9 after trauma for determination of serum 
IL-1 levels. Similarly blood was collected on days 2, 4, 6, 
8, and 10 for tumor necrosis factor assay. Leukocyte 
counts were determined daily for the first week after op- 
erative intervention. Serum for IL-1 6 and TNF-a deter- 
minations was stored frozen in plastic vials until assayed. 


Radioimmunoassay of IL-1 8 and TNF-a 


Serum levels of IL-1 8 or TNF-a were determined by 
radioimmunoassay using commercially available kits ('?I- 
IL- 1, RIA kit, Advanced Magnetics, Cambridge, MA and 
125]. TNF-TEST, Genzyme Corp., Boston, MA, respec- 
tively). For either assay, a 100-uL aliquot of unextracted 
serum was assayed directly, and all samples were run in 
duplicate. Cross reactivity for the antibody included in 
each kit was negligible for other cytokines. 


Statistical Analysis 


Statistical comparisons were performed by one-way 
analysis of variance where appropriate. Differences be- 
tween groups were determined using a Bonferroni mul- 
tiple comparison test. Additional comparisons were con- 
ducted using chi-square with Yates correction and the 
Student’s t test. 

Statistical significance was assumed at p < 0.05. Sta- 
tistical studies were performed using STATA Statistical 
Software Package (Computing Resource Center, Los An- 
geles, CA) run on an IBM-compatible personal computer. 


Results 


From 1986 to 1988, a total of 38 patients were entered 
in the study (21 glucan, 17 placebo). There were 19 male 
and 2 female patients in the glucan group and 12 male 
and 5 female patients in the placebo group. Blunt trauma 
due to automobile accident was the most common mode 
of injury, accounting for 12 of the 21 injuries in the glucan 
group and 15 of the 17 injuries in the placebo group. 
Penetrating. injuries due to gunshot or stab wounds ac- 
counted for the majority of the remaining patients. While 
the glucan-treated patients had injuries to the lung and 
colon, the placebo group had more liver and duodenal 
injuries. However there was no statistically significant dif- 
ference in the distribution of organ injuries between the 
two groups (Table 1). - 

A comparison of injury severity in the two groups of 
patients is listed in Table 2. Injury severity and ATI scores 
were similar. In addition there was no significant difference 
between the two groups in the amount of blood transfu- 
sion perioperatively or in the number of patients pre- 
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TABLE 1. Breakdown of Organ Injury in 38 Trauma Patients Admitted 
to the Clinical Protocol* 


Organ Injured Placebo Glucan 
Liver 8 5 
Spleen 4 7 
Colon 2 6 
Long bone/pelvis 3 5 
Duodenum 3 0 
Blood vessel i j 
Pancreas 0 I 


* There was no significant variation between placebo and glucan pa- 
tients with regard to organ injury. 


senting to the emergency department with systolic blood 
pressure less than 90 mm Hg. 


Delayed Hypersensitivity 


In this protocol, patients who were anergic on day 7, 
regardless of treatment group, had a greater incidence of 
subsequent sepsis than reactive patients (53.3% versus 
8.7%; p < 0.01). A total of 14 placebo patients and 15 
glucan patients showed negative skin testing on day | after 
surgery. However the glucan-treated patients had a sta- 
tistically significant increase in conversion to positive skin 
testing on day 7 when compared to the placebo group 
(73% versus 21%; p < 0.02). 


Morbidity and Mortality 


Total mortality was significantly less in the glucan group 
when compared to placebo (0% versus 29%; p < 0.05). 
However two of the placebo deaths were cardiac arrhyth- 
mias secondazy to a pulmonary embolus and myocardial 
infarction. The three placebo deaths due tọ sepsis (17.6%) 
were not significantly greater than the zero mortality in 
the glucan group. The three placebo deaths from sepsis 
were secondary to abdominal abscess (2) and pneumo- 
nia (1). 

Morbidity from sepsis was significantly greater in the 
placebo group (49% versus 9.5%; p < 0.05). Specific mor- 
bidity is shown in Table 3. The four abdominal abscesses 
were secondary to duodenal (2), hepatic (1), or bowel in- 
juries (1), and all were treated with reoperation, with two 
subsequent deaths. 


TABLE 2. Injury Severity in Glucan and Placebo Patients 


Factor Placebo Patients Glucan Patients 
Age 35.7 years 32.9 years 
ISS* 23 (8-34) 26 (16-41) 
ATIt 15.8 (8-26) 14.4 (0-35) 
Admission hypotension 
(BP < 90 mm/Hg) 41% (7/17) 28.6% (6/21) 
Amount of blood transfusion 5.3 units 5.0 units 


* Injury Severity Score. 
+ Abdominal Trauma Index. 
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TABLE 3. Description of Septic Morbidity in Trauma Patients 
Receiving Placebo or Glucan Treatment 


Complication Placebo Patients Glucan Patients p Value 
Abdominal abscess 4 0 n.s. 
Pneumonia 2 2 n.s. 
Wound infection l 0 n.s. 
Generalized sepsis i 0 n.s. 
Total 8 2 <0.05 


Neither the ISS nor the ATI correlated with develop- 
ment of sepsis. However those patients developing sepsis 
did receive a greater amount of blood transfusion when 
compared to those who did not have septic complications 
(1333.3 + 795.3 cc versus 934.4 + 398.4 cc; p < 0.05). 


Serum IL-1 B and Serum TNF a Assays 


The percentage increase in serum IL-1 levels for glucan 
and placebo patients is shown in Figure 1. The glucan 
patients had a significant increase in IL-1 on day three 
(143.4% + 19.3% versus 78.6% + 11.7%; p < 0.05). By 
day five and thereafter, there was no difference in the IL- 
I levels between the two groups. The early increase in IL- 
| in glucan patients correlated with subsequent skin test 
conversion on day 7 (Fig. 2). Glucan patients who con- 
verted to positive skin testing had a significantly greater 
increase in IL-! levels (166.8% + 12.4% versus 119.8% 
+ 4.2%; p < 0.02). 

There was no difference in the serum TNF levels of 
placebo- or glucan-treated patients (Fig. 3). In addition 
there was no correlation between the serum IL-1 or TNF 
levels alone and the subsequent development of sepsis, 
regardless of placebo or glucan therapy (Fig. 4). 
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FIG. 1. Elevated serum IL-1 £ levels in glucan-treated trauma patients. 
Serum was obtained from placebo and glucan patients on days 1, 3, 5, 
and 7 after trauma. IL-1 8 was quantitated by radioimmunoassay. A 
significant increase in IL-1 8 was observed in pana trauma pa- 
tients on day 3. 
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Fic. 2. Positive correlation between elevated serum IL-1 8 levels and 
skin test conversion in trauma patients treated with glucan. The increase 
in IL-1 8 was significantly greater {p < 0.05) in glucan-treated trauma 
patients who converted as opposed to those who remained anergic. Skin 
testing was undertaken on days 1 and 7 with a Multi-Test device using 
seven antigens. — 


Leukocyte Count 


Peripheral leukocyte counts for the two groups during 
the first week after operation are presented in Figure 5. 
While the mean white blood cell counts in the glucan- 
treated patients were higher on each of the days, the wide 
variation precluded statistical significance in this study. 


Discussion 


Severe trauma has a major impact on homeostasis. In 
addition to derangements in endocrine and metabolic 
functions, there is severe depression of host-immune re- 
sponse. Several studies have documented such suppression 
occurring in both humoral and cell-mediated immune 
responses, '*°?’ Lymphocyte activity, as measured by mi- 
togen responsiveness, is decreased.’ In addition there is a 
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FIG. 3. Serum TNFe levels in trauma patients after placebo or glucan 
treatment. Serum was collected on days 2, 4, 6, and 8 after trauma. 
TNFa was quantitated by radioimmunoassay. There was no significant 
difference between treatment groups. 
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FIG. 4. Lack of correlation between serum IL-1 8 or TNFa and devel- 
opment of septic morbidity in trauma patients. IL-1 8 and TNFa were 
quantitated by radioimmunoassay. 


relative increase in the subset of suppressor lymphocytes. ! 


Polymorphonuclear leukocyte (PMN) function is also de- 
pressed, as denoted by decreased chemotaxis, phagocy- 
tosis, and intracellular killing in PMNs isolated from the 
trauma patient.”°?’ 

Humoral immunity is also altered, as reflected by re- 
duced serum immunoglobulins after severe trauma.*”® 
Similarly altered nonspecific immunity in the form of fi- 
bronectin-mediated clearance of blood-born particulate 
matter by the reticuloendothelial system has been impli- 
cated in the pathogenesis of sepsis after severe trauma.”” 
Specifically depleted fibronectin and subsequent dimin- 
ished blood clearance has led to multiple-organ failure 
and sepsis in the severely injured patient.” 

Recent years have seen the macrophage emerge as a 
key cell in immune dynamics after trauma. Macrophage 
production of cytokines that participate in virtually all 
aspects of cellular and humoral immunity make it an im- 
portant mediator of host-immune response. Therefore any 
alteration in macrophage function can significantly affect 
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Fic. 5. Daily peripheral leukocyte counts in trauma patients after placebo 
or glucan treatment. There was no significant difference between treat- 
ment groups. 
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immunologic responsiveness. An intriguing concept de- 
scribes two general classes of macrophages: facilitory and 
inhibitory." Facilitory macrophages are noted for the 
presence of Ja antigen and the production of stimulatory 
monokines that interact with T-helper lymphocytes. In- 
hibitory macrophages, on the other hand, are recognized 
by their lack of Ia antigen and production of prostaglandin 
E (PGE;), which interacts with T-suppressor lympho- 
cytes. 1263132 In particular the production of PGE, by 
inhibitory macrophages may represent an important im- 
munosuppressive mechanism because these cells are in- 
creased after traumatic injury.°>* Among PGE,s many 
immunosuppressive effects, augmentation of T-suppressor 
cell proliferation, and inhibition of T-helper and B-cell 
proliferation have been well documented.” In addition 
PGE, inhibits production of certain cytokines such as IL- 
| and IL-2, which are important for proper T-lymphocyte 
response.” It is apparent that PGE, release by inhibitory 
macrophages may play a major role in post-traumatic im- 
munosuppression. Several animal studies have docu- 
mented the beneficial effects of ibuprofen, a cycloxygenase 
inhibitor, in models of traumatic and postburn sepsis. 
Inhibition of prostaglandin synthesis by ibuprofen in these 
models resulted in increased survival.*>*° 


A possible therapeutic approach to post-traumatic im- . 


munosuppression might involve the concept of selective 
increase and enhancement of facilitory macrophages. 
Previous studies have demonstrated that glucan, a beta- 
1, 3-linked glucopyranose polymer, isolated from the inner 
cell wall of Saccharomyces cerevisiae, is a potent mac- 
rophage stimulant and is beneficial in the therapy of ex- 
perimental bacterial, viral, and fungal diseases. !% 1337-38 
Use of glucan in a murine model of hind-limb crush injury 
decreased macrophage PGE, release while stimulating 
bone marrow proliferation.'* This reversal of macrophage 
function toward the facilitory state might be of major 
benefit to the trauma patient. In addition glucan is water 
soluble and nontoxic and is thus suitable for parenteral 
administration in humans.*? 

As noted previously macrophage production of IL-1 is 
an indicator of the activated state of the macrophage.!*!° 
Several studies have demonstrated that macrophage ac- 
tivation by glucan results in a marked increase in IL-1 
production.'*!> Intravenous glucan administration in 
humans has likewise resulted in pronounced increases in 
IL-1 and IL-2.!? In addition to reflecting the functional 
status of the macrophage, IL-1 may exert protective effects 
in the trauma patient. IL-1 activates lymphocytes and 
promotes lymphocyte release of IL-2, with resulting en- 
hanced lymphocyte number and function.‘ IL-1 also en- 
hances mobilization of polymorphonuclear leukocytes 
from bone marrow and enhances their chemotactic abil- 
ity.*' IL-1 triggers the acute-phase response in which he- 
patic synthesis of certain proteins is dramatically in- 
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creased, contributing to improved immune responsive- 
ness.*° 

In the present study, glucan-treated patients had a sig- 
nificant increase in IL-1 levels on day 3 after trauma. 
However by day 5 and thereafter, there was no difference 
in IL-1 levels between the two groups. The immune status 
of the trauma patient in this early period may be critical 
for subsequent development of sepsis. Faist et al.'° re- 
ported suppressed in vitro mononuclear cell function on 
days 5 to 7 after trauma. This depression correlated with 
development of subsequent infectious complications.’° 
Similarly, Rodrick et al.? studied mononuclear cells from 
trauma patients after operation. There was a significant 
decrease in IL-1 production from days | through 5 after 
trauma, with a subsequent return to the normal range.’ 
Stephan et al.® used a murine model to study membrane 
IL-1 activity of peritoneal macrophages after laparotomy. 
They noted a marked depression of IL-1 activity on days 
1 and 3 after laparotomy, with activity returning to normal 
by day 5 after trauma.® It is apparent that macrophage 
depression early in the period following severe trauma 
may be a major factor in subsequent development of sep- 
sis. It is encouraging that in these studies IL-1! production 
was significantly greater after glucan therapy in the early 
post-trauma period. Why glucan therapy was unable to 
enhance IL-1 levels beyond day 3 after trauma is unclear. 
However this may relate to the dose of glucan used in 
these patients. Further studies are necessary to better de- 
lineate dose-response curves for glucan therapy. 

Those glucan patients who converted from a negative 
skin test on day 1 to a positive skin test on day 7 after 
trauma had a significantly increased IL-1 level when 
compared to the glucan patients who did not convert. 
The macrophage is a key cell in delayed hypersensitivity 
and the positive correlation between IL-1 levels and skin- 
test reactivity further supports the concept of macrophage 
activation in these patients. Skin test results also correlated 
with development of subsequent septic complications, in 
agreement with many previous studies. However in 
the present study measurement of serum IL-1 alone did 
predict subsequent septic complications. 

This prospective randomized study resulted in very 
comparable study groups. While there was some vari- 
ability in organ injuries, overall trauma severity as assessed 
by ISS and ATI was very similar. In addition there was 
no significant difference between groups in the incidence 
of hypotension or the amount of blood transfused. While 
overall mortality was significantly decreased in the glucan- 
treated patients, two of the five deaths in the placebo group 
were cardiac in nature and unrelated to sepsis. The three 
deaths from sepsis in the placebo group (versus none in 
the glucan-treated patients), while not statistically signif 
icant, certainly suggest that enhanced macrophage func- 
tion imparts some protection to the trauma patient. The 
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overall incidence of sepsis was significantly greater in the 
placebo group. More significant were the four abdominal 
abscesses noted in the placebo group versus none in the 
glucan-treated patients. Two of the three septic deaths in 
the placebo group resulted from multiple end organ failure 
after persistent abdominal sepsis unresponsive to surgical 
drainage and antibiotic therapy. Similar results have been 
reported by Meakins et al.,*° who performed a double- 
blind study in surgical patients using levamisole to prevent 
infection in those high-risk patients who were anergic or 
relatively anergic to delayed hypersensitivity skin testing. 
While overall mortality was not different in the two 
groups, levamisole recipients did have significantly fewer 
septic complications. This clinical success was accom- 
panied by improved neutrophil chemotaxis and skin test 
reactivity.* 

Previous studies have demonstrated that systemic ad- 
‘ministration of glucan may impart protective effects in 
the peritoneal cavity.!*!-4° In animal models of Esche- 
richia coli peritonitis, glucan therapy increased the num- 
ber and function of macrophages in the peritoneal cav- 
ity.!>!3 In addition PMN number and function were in- 
creased peripherally as well as in the peritoneal cavity.!**° 
Thus glucan therapy in the immediate post-traumatic pe- 
riod may mobilize monocyte and PMN cell lines to en- 
hance antimicrobial defenses in the peritoneal cavity. 

Recent studies have focused on TNF and its role as a 
mediator in a variety of pathologic states.*”** There is 
good evidence that TNF produces the metabolic, cardio- 
vascular, and inflammatory changes seen with endotoxin. 
Tumor necrosis factor may represent an essential mediator 
in the complex pathophysiology of endotoxic shock.4”*8 
However there is evidence that TNF may impart some 
protection in septic patients. Tumor necrosis factor has 
been documented to increase both polymorphonuclear 
leukocyte and monocyte cytotoxicity’”*? and may influ- 
ence release of other cytokines, especially IL-1 and gran- 
ulocyte macrophage—colony stimulating factor (GM- 
CSF).'&°° Livingston et al.!® have studied TNF in com- 
bination with antibiotics in a murine model of infection 
following hemorrhagic shock. While TNF alone did not 
reduce infection, its addition to the antibiotic regimen 
significantly improved results when compared to the an- 
tibiotic alone.'® It is obvious that the ultimate effect of 
TNF on the host is dependent on both the dose of TNF 
and the interaction of TNF with other mediators present 
in the biologic milieu. In the current study, glucan therapy 
did not result in an increased level of serum TNF. Fur- 
thermore serum TNF did not correlate with subsequent 
development of sepsis. Further studies are needed to better 
delineate the role of TNF in the development of post- 
traumatic sepsis. | 

The amount of perioperative blood transfusion in the 
two treatment groups was the same in this study. However 
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those patients who subsequently developed sepsis received 
significantly more transfused blood than did those patients 
who had no septic morbidity. This 1s not surprising be- 
cause there is increasing evidence that blood transfusion 
is immunosuppressive.°'>? Many studies have docu- 
mented that the macrophage may be a key factor in 
this post-transfusion immunosuppression.**~>* Decreased 
lymphocyte responsiveness in post-transfusion patients 
has been related to impaired macrophage lymphocyte in- 
teractions, possibly mediated by prostaglandin E, released 
from the inhibitory macrophage.**°? Macrophage che- 
motaxis and phagocytosis are also impaired after blood 
transfusions.” Several studies have linked post-transfusion 


immunosuppression to increased susceptibility to infec- 


tion.” Wound innoculation with Pseudomonas aeru- 
ginosa in a rat burn model resulted in higher mortality 
rates when rats were resuscitated with allogeneic blood as 
opposed to saline or syngeneic blood transfusion.” It has 
also been demonstrated that survival in a rat E. coli peri- 
tonitis model was significantly reduced after allogeneic 
blood transfusion.°° It is apparent that biologic response 
modifiers that enhance macrophage function may play a 
role in ameliorating or preventing immunosuppression 
after blood transfusion. Findings in this study support 
that concept. 

A potential protective mechanism with glucan stimu- 
lation is macrophage release of GM-CSF. This phenom- 
enon has striking effects on bone marrow proliferation.’ 
Patchen et al.” have demonstrated that glucan therapy 
will significantly accelerate hematopoetic recovery in both 
sublethally and lethally irradiated mice, even when the 
glucan was administered after irradiation. Glucan therapy 
in a mouse hind limb crush injury model caused a sig- 
nificant increase in bone marrow proliferation when 
compared to placebo therapy.'* While bone marrow pro- 
liferation was not assayed directly in the present study, it 
is of interest that the glucan patients in the first week after 
trauma had consistently greater leukocyte counts than the 
placebo group, although the differences were not statis- 
tically significant. Ready availability of peripheral leu- 
kocytes obviously would be a positive factor in resistance 
to development of sepsis. 

Glucan has been shown to exert many, if not all, of its 
protective effects via macrophage participation.'?"'* The 
precise mechanism by which glucan activates macro- 
phages is poorly understood. However Czop and Usten™ 
and Goldman” have demonstrated the presence of specific 
beta- 1, 3-glucan receptors on human macrophages and 
mast cell lines. Activation of the beta glucan receptors 
may be the signal that initiates the cascade of biochemical 
events that culminate in macrophage activation. Studies 
are underway to better delineate this glucan receptor 
mechanism. 

In summary to assess the use of biologic response mod- 
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ifers that enhance macrophage function, glucan, a beta- 
1, 3 polyglucose was used in a prospective, double-blind, 
randomized study of trauma patients. While glucan ther- 
apy did not significantly decrease mortality rates due to 
sepsis, the overall rate of sepsis was less in the glucan- 
treated patients. Glucan-treated patients had a signif- 
cantly increased serum IL-1 level on day 3 after trauma. 
However by day 5 and thereafter, there was no difference 
in serum IL-1 levels between groups. This early increase 
in IL-1 correlated with subsequent skin test conversion 
from anergy to a positive response. Glucan therapy had 


no effect on serum TNF levels. Furthermore neither serum ` 


IL-1 nor serum TNF levels were predictive of subsequent 
septic complications. Based on these preliminary results, 
we believe further clinical trials with BRMs that enhance 
macrophage function are indicated in trauma patients. 
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DISCUSSION 


Dr. CHRISTOPHER BAKER (Chapel Hill, North Carolina): Dr. Browder 


has contributed extensively to the literature on glucans, the polysacharide - 


component of zymosan, as an immunomodulator, and is the major, if 
not the only, surgical contributor in this area studying pancreatitis, wound 
healing, and peritonitis in the last few years. 

Much of the clinical work on immunomodulators in humans has 
been done in Europe for various reasons; for instance, thymopentin in 
Belgium, NSAIDS in Germany with Faist (a collaborator of mine), and 
now Dr. Browder’s study in Italy, Based on the work presented and the 
material in the manuscript, I have some methodologic questions and a 
couple comments. 

First, how did you select the patients? One of the problems in these 
studies has always been trying to stratify the patients at risk, and I wonder 
if you could elaborate a little bit more. 

I was interested in the use of prophylactic antibiotics for 5 days because 
that is generally not my practice. Could you comment on that? 

Can you comment on how glucan converts the anergic patients? Skin 
testing is obviously a very complex area. I notice that you had a large 
number of negative patients the first day after operation, which I always 
thought was due to edema, but nobody has ever written much about it. 
In the data that you showed here this afternoan, you mentioned the 
correlation of IL-1 and conversion on day 3, but the other data for skin 
test conversions were on day 7 when the IL-! levels were not different. 
Perhaps you can comment on that. 

Were the four abdominal abscesses in the plazebo group due to late 
recognition of injuries or were they abscesses after an operation for the 
injury? 

As a methodologic point, you expressed the IL-1 data as a percentage 
of the day 1 levels, which is a technique that we ^ad to use a number of 
years ago because patients have a wide variation between individuals in 
terms of the level of response. Did you see this in terms of the raw 
numbers, and was that why you expressed the data as percentage? If this 
is so, why did you express the TNF data in picograms instead of as a 
percentage? It may be that the TNF data would also be significant if they 
were analyzed in the same way. We have usually followed patients in 
human studies for 3 weeks, and I wondered why vou only followed them 
for 10 days. 

I wonder if you thought about measuring the presence or absence of 
Ja antigen on the surface of these macrophages? As you know, other 
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investigators have suggested that Ia allows us to separate or differentiate 
facilitory macrophages from inhibitory macrophages, and this might allow 
you to stratify responsiveness or at least understand future clinical studies. 

Finally, I have a question arising out of ignorance. Because glucan is 
a breakdown or one of the components of zymosan, and given the ma- 
terial that Dr. Deitch showed us earlier, did you see any gut-related 
complications in these patients? 


Dr. JORGE RODRIGUEZ (Buffalo, New York): This paper is a pro- 
spective, double-blind, randomized study. It clearly demonstrates that a 
biologic response modifier, glucan, increases macrophage monokine 
production in association with conversion for skin testing and a decrease 
in the overall septic response or rate. 

My questions are centered on the study design, the study population, 
and associated macrophage function. 

The criteria for the inclusion of the study appears to be based solely 
on operative procedure. Was there any attempt to develop an inclusion 
criteria based on the level of severity of injury or contamination at the 
time of injury? 

Did the use of prophylactic anbibiotics, as mentioned by Dr. Baker, 
for 5 to 7 days without certification for contamination influence your 
rate of septic complication? 

Did the use of mechanical ventilation on all postoperative patients 

influence your pulmonary infection rate? 
. Thirty-eight per cent of the placebo group, with the higher septic rate, 
versus 6 percent of the study population, with the lower septic rate, were 
involved in penetrating injury. Could this, in fact, account for the dif- 
ference in the septic rate? 

Did the iticrease in macrophage production of monokine correlate 
with any measure of antigen-processing presentation or a decrease in 
PGE-2 production? 

My last question concerns the minimal increase in serum TNF in both 
groups. Could this be correlated to the time of specimen collection? 


DR. WILLIAM BROWDER (Closing discussion): Dr. Baker brought up 
the selection of patients. Because of the requirements for proper consent 
and Human Use Committee approval, we had to exclude the patients I 
listed on the slide, namely, those with pre-existing renal or hepatic disease 
and patients with severe head injury. 

Serious head injury seemed to be the injury that disqualified the most 
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patients, because this trauma center sees quite a number of multiply 
injured patients. In addition, we tried to restrict the study to patients 


who underwent operative intervention, again trying to document a specific - 


injury as opposed to blunt trauma or pelvic fracture patients who did 
not undergo operative intervention. In these latter patients we would 
never be able to specify the exact extent of the injury. 


The 5 days of antibiotics caused’some concern. This is the standard. 
policy at the Trauma Institute where the study was carried out. At least .. 


I can say that it was consistent throughout both groups of patients. 

Dr. Baker asked about the role of the macrophage in the skin test 
conversion, Unfortunately we did not look specifically at that. In this 
study we might hypothesize that macrophage antigen processing and 
presentation would be an essential aspect of proper lymphoctye response 
and positive skin test reactivity. There have been many studies showing 
that this macrophage antigen processing ability is lost with hemorrhage 


‘and hemorrhagic shock and trauma. Thus this is a possibility, although 


we have no direct evidence in this study. 

All of these abdominal abscesses followed operative intervention. There 
were two after duodenal injuries, one after hepatic injury, and one after 
a bowel injury. 

Dr. Baker brought up the point about expressing IL-1 values as a 
percentage increase, and he was correct. Because of the wide variability 
of IL-1 in these patients, it is very difficult to get any meaningful raw 
numbers. 

The same was true for the serum TNF levels. If you looked at the 


percentage increase in ‘that group, ‘they showed no difference between 


the glucan or placebo groups. 
The 10-day limit on the study; as opposed to 3 or 4 weeks, was de- 


< termined simply because of availablity of the radioimmunoassay. Cèr- 
tainly the next step in this area of investigation would be to follow these . 


patients longer as they develop septic complications, and to look at what 
immune parameters are disrupted at that time. 

The IA antigen on the macrophage was mentioned. We did not study 
this factor. Again, we preferred to use interleukin-1 as the marker for 
reflecting facilitory macrophages or macrophage activation. 

The question of zymosan versus glucan is an intersting one. Historically, 
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Nick DiLuzio, my late mentor in New Orleans, was proud of the fact 
that he was the first to show that glucan was the pure polyglucose element 
of zymosan, that is, zymosan devoid of the protein moieties and other 
impurities. He believed very strongly that they were two different com- 
pounds, with glucan possessing the immunostimulatory properties. 
We have not seen sensitivity to endotoxin with the soluble glucan. 


We have not seen the inflammatory changes that are so common with 


zymosan. 

Dr. Rodriguez, we did not objectify or quantitate the amount of con- 
tamination during operation in these patients. It 1s of interest that the 
glucan group had a.total of six patients with colon injuries, whereas the 
placebo group had only two patients with colon injuries. All colon injuries 
were managed with colostomy. Failure to quantitate contamination is a 
weak point in the study, but on the surface it appears that the two groups 
were comparable. 

The mechanical ventilator is a difficult paramenter to quantitate. 


Overall it is very difficult to study patient groups that are ‘similar’ after 


a traumatic insult. In the present study we individualized mechanical 
ventilation management in these patients and weaned them off the ven- 
tilators as rapidly as they could tolerate. It is interesting that the three 
patients who developed pneumonias came off the ventilator quite rapidly, 
and we could not relate the pneumonia to prolonged ventilation. 

We did not look at PGE-2 levels in this particular study. We have 
done many animal studies, such as one using a hind limb crush model 
in which glucan stimulation promptly increased IL-1 release while actually 
decreasing PGE-2, so there appears to be some differential in the response 
of the macrophage in this setting. 

I would agree with Dr. Rodriguez that the TNF levels might be time 
related in the sense that by measuring them at inappropriate times or 
not frequently enough one might certainly miss a very transient increase, 


_ and these studies simply have to be extended and assayed in more detail. 


Let me quote a Chinese proverb: ‘A journey of a thousand miles begins 
with a single step.” What we are seeing with this study and other clinical 
studies that are evaluating biologic response modifiers are those first few 
steps in that long journey. I hope it will end with new benefits to the 
trauma patient. 





Changing Patterns in Diagnosis and 
Management of Bile Duct Cancer 
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and WILLIAM P. LONGMIRE, JR., M.D. 


An analysis of 186 patients treated for bile duct cancer at UCLA 
Medical Center from November 1954 to December 1988 dem- 
onstrated improvements in several areas of diagnosis and man- 
agement. Comparison of 96 patients treated between 1954 and 
1978 (group 1) with 90 patients treated between 1978 and 1988 
(group 2) showed earlier diagnosis and treatment in group 2 (2.1 
months from onset of symptoms) than in group 1 (4.9 months; 
p < 0.05) and this was correlated with increased use of ultra- 
sonography, computed tomographic (CT) scans, transhepatic 
cholangiography, and endoscopic retrograde cholangiopancrea- 
tography. Operative mortality rates were lower in group 2 (4%) 
than in group 1 (12%) and the difference was most marked in 
patients with upper-third lesions, where resections in group 1 
had a 23% operative mortality rate but group 2 resected patients 
had zero mortality (p < 0.001). A program of operative staging 
and selection of patients for resection or palliative procedures 
has resulted in better operative risks wich no deterioration in 
survival. 


ARCINOMAS OF THE extrahepatic biliary tract are 

an uncommon form of gastrointestinal malig- 

nancy.’ Although these lesions are frequently 

small in size, their location and anatomic relationships 
to vital structures frequently preclude surgical extirpation. 
Traditionally management goals for patients with bile duct 
carcinoma have included: (1) resection with biliary re- 
construction when feasible, or (2) relief of biliary obstruc- 
tion and jaundice by palliative bypass or endoprosthesis. 
During the past 15 years, remarkable advances have 
been made in related fields that have affected the way 
patients with bile duct cancers are managed. New devel- 
opments in diagnostic and interven-ional radiology have 
also improved the diagnostic capabilities for these patients. 
Furthermore the ability to intubate obstructed biliary sys- 
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tems has been enhanced greatly by innovations in both 
radiologic” and endoscopic technology.* Research findings 
concerning the systemic effects of hyperbilirubinemia and 
the relationship of jaundice to nutritional and immuno- 


logic defects have provided important insight into the 


perioperative management of patients with bile duct 
cancer.*° 

‘To assess the impact of these and other recent advances 
in the. diagnosis and operative and nonoperative man- 
agement of patients with carcinoma of the extrahepatic 
biliary tract, the records of patients treated for this disease 
at the UCLA Medical Center in a recent 10-year period 
were analyzed and compared to those patients with bile . 
duct cancer treated at the same institution between 1954 
and 1978. 


Materials and Methods 


One hundred eighty-six consecutive patients with 
proved carcinoma of the bile duct were treated at the 
UCLA Medical Center between November 1954 and De- 
cember 1988. Patients with carcinoma of the intrahepatic 
bile ducts (cholangiocarcinoma), gallbladder, pancreas, 
duodenum, and ampulla of Vater were excluded from 
this analysis. One hundred eighty-five patients underwent 
operation or were treated with percutaneous transhepatic 
biliary drainage. A single patient died before operation 
and the diagnosis of bile duct carcinoma was confirmed 
at autopsy. The age of the patients ranged from 25 to 89 
years (mean, 62 years). The group was comprised of 104 
men (56%) and 82 women, yielding a male-to-female ratio 
of 1.2 to 1. The majority of patients were white (83%), 
with the remaining patients Hispanic (7%), Oriental (6%), 
and of other races (4%). 
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Ninety-six patients with bile duct carcinoma treated at 
UCLA between November 1954 and June 1978 were an- 
alyzed in an earlier report. Because much of the tech- 
nology now used during the preoperative assessment and 
therapeutic management of these patients was not readily 
available before 1978, these patients were designated as 
group | (n = 96). Group 2 (n = 90) were those patients 
who were managed from July 1978 to December 1988. 
Data were analyzed based on the location of the lesion, 
as suggested by Longmire,’ as well as on the period during 
which they received treatment. The specific factors ana- 
lyzed included demographic data, classification and du- 
ration of symptoms, laboratory data, diagnostic radiologic 
studies, types of operations performed, gross and micro- 
scopic pathologic findings, postoperative therapy, and 
outcome. Statistical analysis was done using Fisher’s exact 
test and differences were considered significant when 
p < 0.05. 

Postoperative follow-up data were available for 166 pa- 
tients (89%). Files are complete on all group 1 patients. 
For group 2, follow-up data was available on 76 patients 
(84%). Fifty-six of these patients were followed until death 
and the mean follow-up period for the remaining 20 pa- 
tients was 36 months. 


Results 
Incidence 


The number of patients treated at the UCLA Medical 
Center for carcinoma of the extrahepatic bile duct has 
increased steadily since 1954 (Fig. 1). While 96 patients 
were seen during the 25-year period from 1954. to 1978, 
90 patients have been seen during the last 10 years. In 
fact 48% of all patients treated at UCLA for carcinoma 
of the bile duct have been seen during the 1978 to 1988 
period. 
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Fic. 1. The rising incidence of bile duct carcinomas treated at UCLA 
has pleateaued in the past 5 years. 
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FIG. 2. The highest percentage of bile duct cancers has always been in 
the upper third of the extrahepatic biliary system. 


Tumor Location 


The anatomic location of the bile duct carcinomas in 
the 186 patients of group | and 2 is depicted in Figure 2. 
One hundred seven (58%) of the lesions were located in 
the upper third of the bile duct, including the bifurcation 
of the right and left hepatic ducts. There were 32 lesions 
(17%) situated in the middle third of the common bile 
duct (area from the cystic duct-common bile duct junc- 
tion down to the pancreas). Thirty-three patients (18%) 
had tumors in the lower third or intrapancreatic portion 
of the bile duct, and the remaining 14 patients (7%) had 
diffuse carcinomas at multiple sites in the biliary system. 
Over the years there have been subtle changes in the dis- 
tribution of these lesions. In group | there were 48 patients 
(49%) with upper-third bile duct tumors (one of these pa- 
tients died before operation). The incidence of upper-third 
lesions increased to 60 patients (67%) in group 2. While 
the incidence of diffuse carcinomas remained similar for 
both group | (7%) and group 2 (9%), there was a decrease 
in middle- and lower-third lesions from 44% in group | 
to 25% in group 2 patients. 


Clinical Assessment 


The clinical presentations of patients in both groups 
were similar. 

Jaundice continues to be the most common presenting 
symptom in patients with bile duct cancer and was noted 
in 50% of group | patients and in 88% of group 2 patients. 
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Weight loss and pruritus were secondary symptoms in 
more than 50% of patients in the overall series. Pain was 
a predominant symptom in less than one third of patients 
and fever and chills afflicted approximately 17%. 

The mean serum bilirubin level in group | patients was 

18.0 mg/dL (range, 0.6 to 63.0 mg/dL) and was not sig- 
nificantly different from the mean of 14.7 mg/dL (range, 
0.4 to 70.0 mg/dL) recorded in group 2 patients. Eighty- 
three per cent of patients in group | and 91% of patients 
in group 2 had mean serum bilirubin levels greater than 
2 mg/dL. Fifty per cent of patients in both groups had 
levels greater than 12 mg/dL. Similarly serum alkaline 
phosphatase levels were elevated in virtually all patients 
in both groups. | 
-= The duration of symptoms before treatment was sig- 
nificantly reduced (p < 0.05) in group 2 patients (2.1 
months) as compared to group 1 (4.9 months) (Table 1). 
In group | patients there was a difference in duration of 
symptoms before definitive operation based on the loca- 
tion of the lesion. In group 1, patients with lower third 
lesions were diagnosed at 3.2 months after onset of symp- 
toms, compared to patients with upper-third lesions who 
presented for treatment 6.1 months after onset of symp- 
toms. In contrast the duration of symptoms before op- 
eration was similar in all group 2 patients (2 months) and 
was unaffected by location of the lesion. 


Diagnostic Evaluation 


The diagnostic tests used for evaluation of patients with 
biliary tract carcinoma are summarized in Table 2. As 
one would expect, there has been a dramatic change in 
the specific tests used in the diagnosis of bile duct cancers. 
In group | patients, the most frequent diagnostic study 
performed was an upper gastrointestinal (GD series. This 
was performed in 33 patients and had an overall accuracy 
rate of only 24%. Transhepatic cholangiography was 100% 
accurate in diagnosing bile duct carcinoma but was per- 
formed in only 25 patients (26%) in group 1. Ultrasonog- 
raphy was performed in 10% of group 1 patients, and 
endoscopic retrograde cholangiopancreatography (ERCP) 
was performed in only 8% of these patients. In contrast 
ultrasonography and CT scans were performed in 68% 


TABLE |. Duration of Symptoms Before Definitive Operation 


Location of Group | Group 2 
Lesion (months) (months) 
Upper third 6.1 2.0 
Middle third 4.1 1.3 
Lower third 32 2.5 
Diffuse 4.7 2.4 
Average 4.9* 2.1* 


* p < 0.05. 
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TABLE 2. Preoperative Tests 


Group | Group 2 
Test (% of Patients) (% of Patients) 
Upper GI series 45 0 
Transjugular cholangiogram 16 0 
Transhepatic cholangiogram 18 63 
Ultrasound, 12 68 
ERCP 9 52 
CT 0 60 


and 60%, respectively, of group 2 patients. While these 
studies are helpful in demonstrating intra- and/or extra- 
hepatic biliary dilatation, they may not provide precise 
definition of the site of obstruction. For this reason either 
a transhepatic cholangiogram (63%) or an ERCP (52%) 
was performed in all group 2 patients before operation. 


Preoperative Preparation 


After diagnosis of biliary obstruction, group | and 2 
patients were prepared for laparotomy by rehydration, 
transfusion, and administration of antibiotics. All pre- 
cautions were taken to avoid the known adverse effects 
of hyperbilirubinemia on renal function. No patient in 
group | underwent preoperative percutaneous transhe- 
patic biliary drainage (PTD), although 20% of group 2 
patients had this procedure. 

Total parenteral nutrition (TPN) has been used com- 
monly in the management of patients with complex on- 
cologic and gastrointestinal problems. No group | patient 
received TPN before operation, while 13 patients (14%) 
in group 2 were maintained on TPN for at least 7 days 
before surgery. The small number of patients and hetero- 
geneity of these subgroups precludes statistical analysis of 
the impact of PTD or TPN on outcome. 


Operations 


The details of the specific procedures performed for 
patients in Groups | and 2 are summarized in Table 3. 
Ninety-five of the ninety-six patients (99%) in group | 
underwent a surgical procedure for the management of 
their bile duct carcinoma. A total of 171 operations were 


TABLE 3. Operative Procedures 


Group | Group 2 
Procedure No. % No. % 

Biliary-enteric 

anastomosis 47 (49) 43 (48) 
Intubation 33 (35) 26 (29) 
Whipple procedure 15 (16) 12 (13) 
Percutaneous drainage 0 (0) 9 (10) 
Total 95 (100). 90 (100) 
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TABLE 4. Patients Resected 


Group | 
Location of Lesion Pts./Mortality (%) 
Upper third 22 237 
Middle third 16 - 0 
Lower third 12 8 
Diffuse 0 0 
Total 50* 12% 


* p < 0.05. 


performed on these 95 patients both at their referring in- 


stitution and at UCLA (1.8 operations per patient). Fifty 


of these patients (53%) underwent tumor resection, with 
the remaining 45 patients (47%) having a palliative pro- 
cedure. There was a significant reduction (p < 0.05) in 
the number of group 2 patients undergoing tumor resec- 
tion (27 patients, 30%) as compared to group 1. Fifty- 
four (60%) of the group 2 patients underwent either biliary 
bypass or operative intubation, and nine patients (10%) 
were managed nonoperatively with biliary obstruction re- 
lieved by the use of PTD. A total of 120 operations were 
performed in the 90 group 2 patients (1.3 operations per 
patient). 


Operative Mortality Rate 


The overall operative mortality rate for group | patients 
was 12%. In contrast group 2 patients had an operative 


_mortality rate of only 4%. In the patients with upper-third 


lesions, the overall operative mortality rate was 19% in 
group 1, compared to 4% in group 2. Twenty-two (47%) 
of the upper-third lesions in group | were resected with 
an operative mortality rate in the resected patients of 23%. 
In group 2 only 10 patients (17%) underwent resection of 
upper-third lesions with a zero mortality rate (p < 0.001) 
(Tables 4 and 5). 


Pathology 


There was no significant difference in terms of gross 


findings at the time of laparotomy between patients in 


groups | and 2. Furthermore histologic findings were 
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Group 2 Overall 
Pts./Mortality (%) Pts./Mortality (%) 
10 Ot 32 16 
5 20 21 5 
lI 0 23 4 
l 0 1 0 
27* 4% TT 9% 
Tp =< 0.01. 


comparable in both groups, with well-differentiated ade- 


nocarcinomas accounting for most of the lesions. 


Postoperative Therapy 


Thirty patients (32%) in group 1 received chemotherapy 
and/or radiation therapy after operation. Eighteen of these 
patients received chemotherapy alone, by single or com- 
bination drugs. Seven patients received radiation therapy 
alone and an additional five patients received it in com- 
bination with chemotherapy. In group 2 the treatments 
were similar with 27 patients (30%) receiving chemother- 
apy and/or radiation therapy. Of this selected group, one 
third received chemotherapy alone, one third in combi- 
nation with irradiation, and one third received only ra- 
diation therapy, as external beam radiation or internal 
iridium wires. There was no statistically significant dif- 
ference in survival rates between these groups. 


Survival 


The overall survival rates for patients in groups | and 
2 are displayed in Figure 3. The overall 1-year survival 
rate in group | patients was 43%; at 2 years it was 27%. 
The 5-year survival rate in group 1 patients was 8%. The 
overall survival rate in group 2 was 59% at | year, 30% 
at 2 years, and 7% at 5 years. The comparative survival 
rates between groups | and 2 were not statistically different 
for any of the time periods evaluated. There was a trend 
toward improved 1-year survival in group 2 patients, and 
this occurred despite the increased number of upper-third 
lesions in group 2. 


TABLE 5. Patients Palliated 


Group | 
Location of Lesion ` Pts./Mortality (%) 
Upper third. . 25 16 
Middle third 8 0 
Lower third 6 0 
Diffuse 6 17 
Total 45 11% 


Group 2 Group 3 
Pts./Mortality (%) Pts./Mortality (%) 
50 4 75 8 
3 0 I1 0 
4 0 10 0 
6 17 12 17 


63 5% 108 Th 
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Fic. 3. An improved, but not statistically significant, early survival is 
seen in the group 2 patients. 


In group | patients, while there was statistically im- 
proved survival of those patients undergoing Whipple 
procedures, the overall survival rates for patients under- 
going resection were not significantly different from those 
for patients undergoing palliative procedures. This was 
due to the overall poorer results in the large group of 
patients having resections of upper-third lesions. In group 
2 patients, however, the 1-year survival rate for patients 
undergoing resection was 80%, compared to 57% for pal- 
lative bypass (p < 0.05). In addition the 5-year survival 
rate for resected patients of 22% (6 of 27 patients) was 
significantly different (p < 0.01) from that of the palliated 
patients (0%). 


Discussion 


This report represents an update on the experience re- 
ported from the UCLA Medical Certer in the manage- 
ment of bile duct cancer patients between 1954 and 1978.° 
The two groups are almost identical in numbers of patients 
but the second group was treated during a 10-year period, 
while the first group was treated during a 24-year period. 
Clearly referral patterns have affected that increase in vol- 
ume. However the fact that the number of patients seen 
each year during the past 5 years has plateaued may mean 
that we have approached the true number of patients di- 
agnosed in this community by the newer methods avail- 
able. 

In terms of the distribution of lesions, it has been sup- 
posed that the UCLA experience of seeing more than one 
half of the lesions in the difficult upper third of the biliary 
system also represented referral patterns. However a recent 
study from France® supports a view that this distribution 
may actually represent the natural occurrence of the dis- 
ease. Launois and associates’ surveyed 43 hospitals in 
France and 12 centers in eight other countries regarding 
their experiences with bile duct cancer. They received data 
on 572 patients (300 male; 52%). Associated diseases in 
these patients included biliary stones in 26%, hepatitis B 
surface antigen positivity in 4%, and inflammatory bowel 
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disease in 1%. The locations of the tumors in these patients 
were upper third in 56%, middle third in 13%, lower third 
in 18%, and diffuse in 13%. Overall 5-year survival rate 
was 3.5% with 10% of resected upper-third patients sur- 
viving this period of time. It is interesting that the French 
study also shows a sizeable percentage of patients with 
multicentric (diffuse) carcinomas, a finding first reported 
by our group in 1976.’ 

Many differences have been found between the latest 
group of patients treated for bile duct carcinoma (group 
2) and those in the previous report (group 1). First there 
has been a salutatory reduction in the duration of symp- 
toms before definitive treatment, from a 4.9 months av- 
erage overall to only 2.1 months (p < 0.05). This is es- 
pecially marked in the upper-third lesions in which the 
former delay in presentation has been reduced by two 
thirds from a mean 6.1 months to an average of 2.0 
months. These data suggest that bile duct cancers are now 
diagnosed earlier. The widespread availability and use of 
ultrasound and CT scanning, followed by either trans- 
hepatic cholangiography or ERCP, has correlated directly 
with this earlier diagnosis. 

Second, during the early UCLA experience, 41 patients 
(24%) in group | had undergone exploratory laparotomy 
at the referring hospital as an initial procedure. These 
patients later had definitive procedures at UCLA. The 
advent and refinement of transhepatic cholangiography 
and ERCP has facilitated the preoperative diagnosis of 
cholangiocarcinoma in a significant number of patients. 
This is presumably responsible for the marked decrease 
in the frequency with which exploratory laparotomy alone 
has been performed before referral in the last 10 years. In 
contrast to the group | experience, only nine patients 
(10%) in group 2 underwent laparotomy before referral 
to UCLA. 

Third, palliative bypass in the form of either tumor 
dilatation with hepaticojejunostomy, choledochojeyunos- 
tomy, or cholecystojejunostomy was performed in 54 pa- 
tients (60%) in group 2, compared to 47% in group 1. The 
palliative group becomes even larger if one adds the nine 
patients who underwent nonoperative biliary diversion 
with PTD. 

The preoperative use of percutaneous transhepatic 
drainage by itself has been shown in at least three ran- 
domized trials!°-'* to have no significant improvement of 
postoperative morbidity or mortality rates in jaundiced 
patients. However further studies are being done to assess 
whether internal biliary drainage by transhepatic stents 
with or without preoperative TPN has any benefit.'? 

At UCLA all patients who are suitable operative risks 
undergo operation for staging and either resection, op- 
erative intubation, or bypass of their biliary carcinomas. 
Blumgart has reported the preoperative screening tests by 
which a majority of patients treated at the Hammersmith 
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Hospital in London were deemed not resectable before 
operation.'* In his series of 94 patients with proximal bil- 
iary tumors, only 18 were resectable (20%) and 12 of these 
required concomitant hepatic resection. Three deaths oc- 
curred in these patients (17%) who had liver resections. 
Of the subsequent eight deaths the mean survival time 
was 13 months and seven patients were alive between 9 
and 60 months after operation. The preoperative screening 
tests included Doppler ultrasound studies of the portal 
venous system and angiographic studies and cholangio- 
grams. 

Our preoperative evaluation has not been as detailed 
because it has been our experience that operative diag- 
nosis, staging, and appropriate treatment are superior in 
terms of quality of survival to nonoperative staging and 
palliative procedures.'° This is not meant to imply a non- 
selective program at this institution. On the contrary we 
have exercised greater selectivity 1n our patient manage- 
ment based on the operative findings. This has resulted 
in a reduction of resections from 52% in group 1 to 30% 
in group 2, with a reduction in mortality rate from 12% 
to 4% in these groups, respectively. 

In the difficult upper-third lesions, resections have been 
reduced from 47% in group 1 to 17% in group 2 and 
operative mortality decreased from 23% to 0% in these 
respective groups. There has been no deterioration in sur- 
vival figures as a result of this selectivity (Fig. 4). While 
several authors have proposed that more radical resections 
of upper-third bile duct cancers would result in longer 
survival times, this is difficult to document. In fact, in a 
recent extensive review of the literature on proximal bile 
duct cancers, Langer!® reported the available resection 
rates and mean survival figures from those reports. An- 
alyzing the data from 627 patients treated in 16 centers 
reported in these studies, it is clear that there is no cor- 
relation between the percentage of patients who are re- 
sected in a series and the mean survival time of those 
patients (Fig. 5). Obviously aggressiveness in resecting 
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FIG. 4. Comparison of survival between group | and group 2 patients 
according to location of lesions. The differences are not statistically sig- 


. nificant. 
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Fic, 5. Comparison of resection rates of proximal bile duct carcinomas 
with mean survival rates in 16 different reports. There is no correlation 
between these two factors (r = —0.03; p = 0.9). After Langer.!® 


these high bile duct cancers cannot be directly related to 
improved survival rate. Comparison of our group | pa- 
tients, in whom 47% of upper-third lesions were resected, 
to the group 2 patients, in whom 17% were selected for 
resection, without a change in survival, confirms this 
thesis. 

Whereas the overall survival for patients in group 1 
who had Whipple resections was the only significant dif- 
ference from patients undergoing other procedures in that 
group, all group 2 patients selected for resection, regardless 
of level of lesion, had significantly better l- and 5-year 
survival rates than did the palliative bypass patients in 
that same group. Furthermore the overall early survival 
rate was higher for group 2 patients compared to group 
| patients. These differences cannot be accounted for by 
differences in adjuvant therapies because the percentage 
of patients receiving these therapies was similar in the two 
groups. 

It is believed that the improvement in results has come 
about from earlier diagnosis followed by prompt and ac- 
curate intraoperative assessment of the tumors, with re- 
section reserved for those patients in whom the gross tu- 
mor can be clearly removed. In all other patients, operative 
palliation by bypass or intubation offers a high-quality 
survival period. It is our observation that large liver re- 
sections accompanying resections of bile duct cancers in- 
crease the operative mortality and morbidity risks but do 
not convey significant extensions of survival.’ 

Analysis of a large series of patients treated for bile duct 
cancer at UCLA has demonstrated significant improve- 
ments that have occurred in the past decade. Patients are 
diagnosed and referred earlier for treatment with fewer 
nondefinitive operative procedures before referral. The 
overall operative mortality rate has been reduced and the 
overall survival rate is better, although not yet statistically 
significant. A program of operative staging and selection 
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of patients most likely to benefit from resection of their 
tumors has resulted in a reduction of operative mortality 
rate in resection of upper-third lesions to zero, without a 
corresponding reduction in overall survival. In addition 
the program allows operative palliation of those patients 
not suitable for resection, with resultant improvement in 
quality of survival. Future improvements in management 
of bile duct cancers will depend on developments in ad- 
juvant therapies as well as on improved diagnostic and 
surgical techniques. 
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DISCUSSION 


DR. JOHN L. CAMERON (Baltimore, Maryland): I would like to con- 
pratulate Dr. Tompkins on a beautiful, lucid presentation of what must 
be one of the largest series of patients with cholanziocarcinoma, certainly 
in this country, if not in the world. 

He has documented two or three trends that have been seen in several 
institutions in this country, but that have not been as well documented. 

First, lesions are being diagnosed earlier. Until a decade ago, most 
were diagnosed at postmortem examination. 

Dr. Altemeier’s paper on this disease, in which he clearly delineated 
it as a separate entity, was published in 1965, so it has been less than 25 
years. 

Klatskin’s paper came 7 or 8 years later, and I think perhaps we ought 
to start calling these lesions Altemeier tumors. 

The mortality rate that he achieved in his first group is admirable, but 
it is superb in the second group. His experience in resecting patients with 
cholangiocarcinomas, particularly the difficult ones up at the hepatic 
duct bifurcation with less than 5% mortality, is a figure for which we 
should all strive. 

We have seen, in the past decade, approximately 125 lesions at the 
hepatic duct bifurcation and recently reported 100 that have been op- 
erated on. Our resectability rate was between 40% and 50%. 

We attributed our high resectability rate, which is comparable to those 
seen in other series, to our preoperative staging, During the last several 
years all of our patients have undergone visceral angiography, looking 
at the hepatic artery and its two branches, and on the venous phase, the 
portal vein and its two branches, and not exploring patients who were 
not resectable. 

Our experience in the past has been the same as Dr. Tompkins’, in 
that if we put rigid Ring catheters in, the palliation was inadequate com- 
pared to the large silastic tubes we put in at the time of surgery. But now 
the intervenionist can dilate the tracks, leave the Ring catheter in for 
only a few days, and leave in silastic stents of the same size we put in at 
the time of surgery—16, 18, or 20 French. Wz are now finding that is 
as adequate palliation as when we explore and put in the large stents. I 
wonder if Dr. Thompkins has considered, with the larger stents that can 
be placed percutaneously, staging these patier:ts before operation with 
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CT scan, MRI, or perhaps with visceral angiography, and whether he 
thinks that would affect the resectability rates. 

In our series of 100 patients, if the tumor was resected, 50% or 60% 
survived for more than | year, 25% or 30% survived for 2 years, and 
10% survived for 5 years. When we could not resect the tumor, few 
patients survived 2 years, and none survived 3 years. Resection does 
make a difference, and if you stage patients before operation, the re- 
sectability rate can be increased. 

The final question would be radiotherapy. What has been your pref- 
erence in using adjuvant radiotherapy, or radiotherapy for palliation in 
patients who are not resected. 

Dr. Henry Pitt and I have been interested in radiotherapy as adjuvant 
therapy for these patients, and in our patients resected for cure, our only 
long-term survivors have had radiotherapy. For those patients who were 
only palliated, there is a clear statistically significant difference between 
the group that received radiotherapy compared to those who did not. 


Dr. R. SCOTT JONES (Charlottesvile, Virginia): The UCLA group has 
clearly provided leadership in understanding how to diagnose bile duct 
cancer, their interest in this field has spanned a long period of time, and 
their excellent work continues, 

I have three questions to pose. The first concerns resections, and it is 
interesting in their material, over time, that although the resectability 
has decreased, clearly the survival rate has improved and the operative 
mortality rate has decreased significantly. 

How many of the patients who have undergone resection recently 
have had a concomitant liver resection? In other words, have all of these 
been resections of the extrahepatic bile ducts, or does your resection 
group include patients who have required a lobectomy for resection of 
the tumor? 

The second question I have was also mentioned by John Cameron 
concerning the role of radiation, and I just simply wanted to ask what 
are your indications for radiation therapy at UCLA? 

My last question concerns the issue of transplantation for bile duct 
cancer, which has been a controversial topic. There are some centers, 
however, that continue to use transplantation, particularly for the prox- 
imal lesions. Have you referred any of your patients for liver replacement . 
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for this disease, and do you think that there is a role for liver transplan- 
tation in the treatment of proximal cholangiocarcinoma? 


Dr. R. K. TOMPKINS (Closing discussion): Dr. Cameron, whether we 
call these Altemeier tumors or Klatskin tumors is probably a moot point 
because our medical students don’t learn eponyms anyway. We now call 
them upper-third or proximal tumors. 

The resectability percentage could be improved by preoperative staging. 
We have not done that, as you have, or perhaps as Professor. Blumgart 
has done. In Blumgart’s series, the use of Doppler ultrasound, visceral 
angiography, and transhepatic cholangiography enabled him to rule out 
operation in a sizeable percentage of his total patient load. 

We are able to operate on almost all these patients and stage them 
accurately in the operating room with an extremely low mortality rate. 
That perhaps gives us a better indication cf what the disease extent is in 
our patients and we can tailor their postoperative treatment to that finding. 

Today we realize that this is a team effort. It is no longer just the 
surgery staff operating on these patients, but now we need good radiol- 
ogists and good gastroenterologists available to help us in these areas. 
With a good biliary team, one has a much broader armentarium from 
which to choose. ; 

The newer techology of soft silastic stents applied by the radiologist 
is something to examine. One problem with the radiologically placed 
stents is that they are placed much higher, sometimes between the lower 
ribs, than those placed at the time of operation, and that often proves 
to be a problem, even with the soft stents, in terms of the pain that 
patients have. 

Do not be mistaken in thinking that we are abandoning resection. It 
is a matter of trying to select those patients who are most likely to benefit 
from resection. Resection of these lesions 1s the only way we can cure 


DIAGNOSIS AND MANAGEMENT -OF BILE DUCT CANCER 


621 


them. Adjuvant therapies in incompletely resected patients do not sig- 
nificantly prolong life and may actually lower the quality of remaining 
life. 

Dr. Jones and Dr. Cameron, our current approach to radiotherapy is 
to enter them into the protocol. We are cooperating with Hopkins, the 
Lahey Clinic, and other institutions in a prospective, controlled, and 
randomized trial of radiation therapy for these patients, which 1s some- 
thing in which we are very interested. 

We have anecdota! data of prolonged survival in patients with radiation 
therapy following both resection and palliative procedures, but it has 
not really been more than about one third of our total patient load in 
either of these two groups who have received that kind of therapy, and 
we can’t make any statistical judgment on that basis. 

As far as transplantation is concerned, Dr. Jones, this has been looked 
at again in centers here and in Europe, but the previous experience was 
that a sizeable percentage of these patients developed recurrent tumors 
within the transplanted liver a year or so after the transplantation. At 
the present time transplantation for treatment of these patients with bile 
duct cancer would have to be done on an experimental basis. It is not 
something that, clinically, we would want to do, especially after hearing 
President Diethelm’s talk today about the shortage of organs and the 
role, the ethics, and the morals of transplantation. 

How many patients have had liver resections with our bile duct re- 
sections? Virtually none in the last 5 years. About that time we came to 
the conclusion that we weren’t really solving the problem with more 
extensive resections because the margins were usually positive. These 
patients did not have increased survival, and as a matter of fact, when 
we looked at the quality of survival of the patients who had associated 
liver resections, we found it to be significantly poorer than those who 
had the so-called curative resection without additional liver or palliative 
procedures. 
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Although the etiology of pouchitis after ileal pouch—anal anas- 
tomosis (IPAA) is unknown, its manifestations resemble those 
of nonspecific inflammatory bowel disease, including, anecdotally, 
the apparent ability to evoke extraintestinal manifestations 
(EIM) of inflammatory bowel disease (IBD). Our aim was to 
determine in what manner pouchitis and EIMs were associated. 
The computerized records of 819 consecutive patients who un- 
derwent IPAA between January 1981 and December 1988 were 
reviewed. Eighty-five patients were excluded (because of incom- 
plete follow-up, death, or permanent ileostomy). Follow-up of 
the remaining 734 patients was complete (mean, 41 months). 
The mean age was 32 years and the ratio of men to women was 
1:1. Ileal pouch—anal anastomosis was performed for chronic 
ulcerative colitis in 91% of patients and for familial adenomatous 
polyposis in 9%. Pouchitis occurred in 31% of chronic ulcerative 
colitis patients and 6% of familial adenomatous polyposis patients 
(p < 0.01). The mean time to first occurrence was 17 months. 
Pouchitis recurred in 61% of patients at risk. Patients with pre- 
operative and postoperative EIMs had significantly higher rates 
of pouchitis than did patients without EIMs (39% preoperative 
EIMs versus 26% with no EIMs, p < 0.001; 53% postoperative 
EIMs versus 25% with no EIMs, p < 0.001). Of patients with 
pouchitis in whom EIMs resolved after IPAA but then recurred 
(n = 12), EIMs recurred when pouchitis occurred and abated 
when pouchitis was treated in seven patients. We concluded that 
pouchitis occurred frequently after IPAA and that patients with 
EIMs were at higher risk of developing pcuchitis than were pa- 
tients who never had EIMs. Furthermore some patients expe- 
rienced a temporal relationship between flares of EIMs and 
pouchitis. These results imply that pouchitis may be a novel 
manifestation of inflammatory bowel disease persisting after op- 
eration. 


ONSPECIFIC INFLAMMATION IN ileal reservoirs, 
or pouchitis, is reported to occur in between 
11% to 44% of patients after ileal pouch—anal 
anastomosis (IPAA)'~’ (Table 1). The 2tiology of pouchitis 
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is unclear. Several studies have hypothesized roles for 
bacterial overgrowth**®? and/or reservoir stasis*? as the 
cause of pouchitis. Furthermore the generally satisfactory 
response to antibiotic treatment is well described? and 
supports these findings. However other studies dispute 
these links; neither clinical, histologic, or bacteriologic 
evidence has determined the etiology of pouchitis con- 
vincingly.'°'! Recently Nasmyth and others explored the 
roles of volatile fatty acids and villous atrophy in inflam- 
mation in ileal pouches but definitive conclusions were 
not stated.'? 

Some authors have suggested that pouchitis and chronic 
ulcerative colitis may be the result of the same or similar 
pathophysiologic mechanisms. !*"!* Because extraintestinal 
manifestations (EIMs) of chronic ulcerative colitis are 
likely to be associated with the underlying pathophysio- 
logic mechanism involved, any relationship between EIMs 
and pouchitis may be important. If EIMs occurred with 
the same frequency, characteristics, and severity in pa- 
tients with pouchitis, then a pathophysiologic mechanism 
similar to that in chronic ulcerative colitis may be hy- 
pothesized. 

Thereore the aim of this study was to assess the epi- 
demiology of pouchitis after IPAA and to determine 
whether EIMs of inflammatory bowel disease were asso- 
ciated with pouchitis. 


Patients and Methods 


The computerized records of 819 consecutive patients 
who underwent IPAA at our institution between January 
1981 and March 1988 and who had been followed for at 
least 6 months were reviewed to determine the incidence 
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TABLE 1. Incidence of Pouchitis After IPAA 


% of Pts. 
Author Year n with Pouchitis 
Fonkalsrud! 1984 49 44 
Nicholls et al.” 1985 119 11 
Pemberton et al.’ 1987 390 14 
Fleshman et al.* 1988 102 16 
Pescatori et al.? 1988 58 14 
Everett® 1989 60 27 
Oresland et al.’ 1989 100 30 
Present study 1989 734 29 


of pouchitis. Ileal pouch—anal anastomosis was performed 
almost exclusively in two stages. Abdominal colectomy, 
proximal proctectomy, resection of the distal rectal and 
proximal anal canal mucosa, ileal pouch-anal anasto- 
mosis, and construction of a temporary diverting ileos- 
tomy comprised the first stage of the operation. The rectal 
mucosal resection was conducted from below, beginning 
at the dentate line and included the columns of Morgagni. 
The dissection proceeded proximally to 1 to 2 cm above 
the levator ani muscle complex; the cuff of remaining 
rectal tunica muscularis was, therefore, 3 to 4 cm in length. 

In 96% of the patients, a J-shaped pouch was-con- 
structed from two 15 to 20 cm limbs of terminal ileum 
that were either stapled or sutured together. W- or S- 
shaped pouches were constructed in the remaining pa- 
tients. Pouches were pulled through the short rectal mus- 
cular cuff and anchored circumferentially to the internal 
sphincter and puborectal muscle. Sutures were then placed 
such that the sensitive anoderm, which was left in situ, 
was anastomosed to the mucosa of the pouch at the level 
of the dentate line. The second stage of operation con- 
sisted of takedown of the ileostomy 2 to 3 months after 
the first operation. 

Ali demographic data were maintained in a comput- 
erized registry that was continually updated by a clinical 
nurse coordinator using telephone contact or question- 
naire mailings. Among the several questions asked at fol- 
low-up was whether the patient had had an episode of 
pouchitis. Pouchitis was defined as present if patients had 
abdominal cramping, watery diarrhea (sometimes 
bloody), urgency, incontinence, malaise, and fever. Fur- 
thermore patients were asked whether their physician had 
prescribed antibiotics and if they had responded to those 
antibiotics. Because pouchitis is a clinical syndrome with- 
out predictable endoscopic findings, routine endoscopic 
evaluation was not obtained; acute and chronic inflam- 
matory changes and colonic metaplasia often occur in the 
absence of clinical pouchitis.'*:!4 

The underlying disease (chronic ulcerative colitis versus 
familial adenomatous polyposis), sex, age, type of pouch 
(J, S, or W), type of treatment for pouchitis, occurrence 
of incontinence, occurrence of perioperative pelvic sepsis, 
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frequency of daytime and nighttime stools, and type and 
frequency of medications that alter stool consistency and 
frequency were recorded. In addition presence of extrain- 
testinal manifestations of inflammatory bowel disease be- 
fore surgery, presence of or the resolution of these ex- 
traintestinal manifestations after operation, and the pa- 
tients’ perceptions of the relationship of EIMs to the 
occurrence of pouchitis were recorded. The EIMs reported 
by the patients included (1) skin: pyoderma gangrenosum, 
erythema nodosum, polyarthritis nodosum; (2) bone/ 
joint: arthritis, ankylosing spondylitis, or sacroileitis; (3) 
eye: uveitis, episcleritis; and (4) other (e.g., PSC, nonspe- 
cific eye and skin conditions). 

Patients were excluded from analysis if they were lost 
to follow-up (n = 28, 3.4%), had died (n = 14, 1.7%), 
or had a permanent ileostomy (e.g., pouch excision, 
n = 43, 5.2%). 


Analysis of Data 


Proportions were compared in two or more groups with 
the chi-square test. The probability of the occurrence of 
pouchitis in comparison groups was estimated by the 
Kaplan-Meier life table analysis. Comparison of these 
survivorship curves were made with the log rank test. If 
a continuous variable was analyzed, the proportional 


hazards general linear model procedure was applied (e.g., 


age). When significance between study groups was present, 
life table analysis results were demonstrated in graph form 
(Figs. 1 and 2); if significance was not reached, results 
were tabulated (Table 2). 


Results 
Demographics 


Seven hundred thirty-four patients were available for 
analysis, with a mean follow-up period of 41 months from 
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Fic. 1. Life table analysis of the risk of pouchitis after ileal pouch-anal 
anastomosis for patients with chronic ulcerative colitis (CUC) versus 
patients with familial adenomatous polyposis (FAP). The risk of pouchitis 
is significantly greater in patients operated on for CUC than for patients 
operated on for FAP. 
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Fic. 2. Life table analysis of risk of pouchitis after ileal pouch—anal anas- 
tomosis for patients with and without EIMs of IBD. The risk of pouchitis 
is significantly greater in patients with EIMs of IBD than in patients 
without EIMs. : 


the time of ileostomy closure (range, 6 to 97 months). 
The mean age was 32 years and the ratic of men to women 
was | to 1. Overall pouchitis occurred at least once in 210 
patients (29%) and recurrent pouchitis occurred in 128 
patients (17% of all patients; 61% of those at risk), with a 
mean time to onset of 17 months (range, 2 days to 95 
months). Patients with recurrent pouchitis were asked 
whether they thought the pouchitis occurred often enough 
to constitute a chronic problem; 96 patients replied yes 
(13% of all patients; 46% of patients with pouchitis). Inttial 
episodes of pouchitis were treated mest often with met- 
ronidazole (92%). Recurrent episodes of pouchitis were 
also treated with metronidazole (71%). Of the 43 patients 
who required permanent ileostomy (5.2%), only one (1 
of 819, 0.12%) had intractable pouchitis. 


Determinants of Pouchitis 


General. The incidence of pouchitis after IPAA was 
not significantly affected by the type of pouch constructed 
(J versus W or S), the occurrence of perioperative pelvic 
sepsis, sex, or age (Table 2). The occurrence of pouchitis 
also did not affect the overall daytime stool frequency or 
nighttime stool frequncy (Table 3). 

Pouchitis, however, was related to a higher incidence 
of incontinence both during the day and night (Table 3). 
Interestingly the use of medications to alter stool frequency 
was no greater by patients who experienced episodes of 
pouchitis than by those who did not (p > 0.25) (Table 4). 

Disease specific. A significant determinate of pouchitis 
was whether the patient had been operated on for chronic 
ulcerative colitis. Chronic ulcerative colitis was the indi- 
cation for JPAA in 671 patients (91%), while familial ad- 
enomatous polyposis was the indication in 63 patients 
(9%). The overall incidence of pouchitis in chronic ul- 
cerative colitis patients was 31%, while it was 6% for pa- 


tients with familial adenomatous polyposis (p < 0.001). 
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Life-table analysis of risk of pouchitis for both chronic 
ulcerative colitis and familial adenomatous polyposis is 
shown in Figure 1. The probability of pouchitis occurring 
within 5 years in chronic ulcerative colitis patients is 36% 
versus only 8% for familial adenomatous polyposis pa- 
tients (p = 0.0001). Mean time to pouchitis for chronic 
ulcerative colitis patients was 17 months (range, 2 days 
to 95 months) and for familial adenomatous polyposis 
patients mean time was 11 months (range, 2 months to 
19 months). 


Extraintestinal Manifestations and Pouchitis 


Extraintestinal manifestations were present before op- 
eration in 179 of 671 chronic ulcerative colitis patients 
(27%) and in none of 63 patients with familial adeno- 
matous polyposis. The incidence of specific extraintestinal 
manifestations is listed in Table 5; arthritis was the most 
commonly reported manifestation. Extraintestinal man- 
ifestations resolved after operation in 115 patients (64%). 
Extraintestinal manifestations occurred after operation in 
24 patients who reported none before operation. The dis- 
tribution of types of extraintestinal manifestations after 
operation matched that of the preoperative EIMs. Of note 
was that none of the four familial adenomatous polyposis 
patients who developed pouchitis exhibited EIMs. 

Analysis of patients with chronic ulcerative colitis with 
and without preoperative and/or postoperative EIMs 
demonstrated that EIMs were a significant determinant 
of pouchitis. Among the 671 patients with chronic ulcer- 
ative colitis, if preoperative EIMs were present, pouchitis 
occurred in 39%, while pouchitis occurred in only 26% if 
no EIMs were present before operation (p < 0.001). If 
postoperative EIMs were present, 53% of the patients de- 
veloped pouchitis versus only 25% if no postoperative 
EIMs were present (p < 0.001). Figure 2, depicting a life- 
table analysis of preoperative EIMs as a predictor of 
pouchitis, shows that the risk of pouchitis at 5 years is 
44% if EIMs are present versus only 33% if they are absent 
(p < 0.01). 


TABLE 2. Determinants of Pouchitis After IPAA 


% of Pts. 
Determinant with Pouchitis p , 

Pouch Type 

J (n = 704) 29 

S & W (n = 30) 13 0.07 
Perioperative Pelvic Sepsis 

Yes (n = 27) 41 0.46 

No (n = 707) 28 : 
Sex 

M (n = 349) 20 0.97 

F (n = 385) 29 at 
Age 

(n = 734) 0.92* 


* Proportional Hazards Model. 
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TABLE 3. Functional Status of Patients With and Without Pouchitis 


Stool Frequency 


Group n Day/Night 
Pouchitis 210 7/1 
No pouchitis 524 7/1 


* p < 0.001 ys. no pouchitis. 


Patients with preoperative EIMs did not have a higher 
stool frequency than patients who had no preoperative 
EIMs (Table 6). 

Interestingly, of the 88 patients who demonstrated EIMs 
after operation, 12 noted that the onset or worsening of 
their EIMs occurred concomitantly with the onset of ep- 
isodes of pouchitis. Seven patients had EIMs only with 
episodes of pouchitis; extraintestinal manifestations were 
quiescent when they were free of pouchitis and always 
recurred when the pouchitis recurred. 


Discussion 


Proctocolectomy for chronic ulcerative colitis and fa- 
milial adenomatous polyposis cures the gastrointestinal 
symptoms of chronic ulcerative colitis and eliminates the 
potential for malignant degeneration in both diseases. 
Reconstruction after proctocolectomy using an IPAA 
technique has become an acceptable alternative to Brooke 
ileostomy or ileorectostomy. | 

The principal long-term complication after IPAA is 
nonspecific inflammation in the pelvic ileal reservoir, or 
pouchitis. We have found that as experience with the 
IPAA operation expands and follow-up lengthens, the in- 
cidence of pouchitis has increased. We reported previously 
that pouchitis occurred in 14% of our patients after IPAA 
for chronic ulcerative colitis; that incidence has risen, 
with longer follow-up, to 36%. This higher incidence of 
pouchitis, however, continues to be within the range re- 
ported by other authors,®’ 

The syndrome of pouchitis continues to elude precise 
explanation. Bacterial overgrowth and stasis have been 
postulated as etiologic factors by several authors. Nicholls 
et al.” showed that pouchitis was associated with higher 
aerobic but not anaerobic bacterial counts, while O’Con- 
nell and associates!’ found that patients with pouchitis 
had overgrowth of both aerobic and anaerobic bacteria 


TABLE 4. Use of Medications in Patients With and Without Pouchitis 





Pouchitis No Pouchitis 
Medication (n = 210) (n = 524) p 
Imodium® 16% 13% 0.275 
Lomotil® 17% 14% 0.38 
Metamucil® 35% 33% 0.67 





Incontinence Day*/Nightt (% of pts.) 


l 


None Occasional Frequent 
74/46 21/43 5/11 
87/57 11/35 2/8 


f p < 0.03 vs. no pouchitis. 


in the proximal jejunum, compared to those who did not 
have pouchitis. Similarly Kelly and others!’ demonstrated 
higher jeyunal anaerobic bacterial counts in patients with 
Kock pouches compared to patients with conventional 
ileostomies. Fleshman and associates* documented a 
higher frequency of pouchitis in patients with anal stric- 
tures after IPAA, thus implying that stasis was a predis- 
posing factor to pouchitis, perhaps by facilitating bacterial 
overgrowth. Fonkalsrud’ also reported this. Heppell et 
al.'' attempted to correlate ability to empty the pouch 
with occurrence of pouchitis, but could find no relation- 
ship in the seven patients studied. Nasmyth and 
associates’? found increased concentrations of Bacteroides 
and Bifidobacteria in pouches, compared to control pa- 
tients with conventional ileostomies. Furthermore the 
higher the concentration of Bacteroides, the more severe 
the atrophy of the ileal mucosa; however severity of mu- 
cosal atrophy could not be correlated with completeness 
of emptying, frequency of defecation, or pouch design. 
Finally Shepard and others’* could find no evidence to 
support either bacteriologic or physical factors in’ the 
etiology of pouchitis. 

Nasmyth et al.'* and King!® have hypothesized that 
chronic ulcerative colitis, Crohn’s disease, pouchitis, and 
backwash ileitis are varied expressions of a single disease 
entity. Specifically pouchitis may be a reflection of con- 


tinued inflammatory bowel disease after proctocolectomy. 


TABLE 5, Incidence of Extraintestinal Manifestations in Patients with 
Chronic Ulcerative Colitis Before Ileal Pouch~Anal Anastomosis 


EIM n (%) 

Skin 

Pyoderma gangrenosum 14 (2.0) 

Erythema nodosum 11 (1.6) 

Polyarteritis nodosum 2 (0.3) 
Bone/Joint 

Arthritis 125 (19) -> 

Ankylosing spondylitis 24 (2.1) 

Sacroileitis 3 (0.4) 
Eye 

Uveitis 11 (1.6) 

Episcleritis 1 (0.1) 
Other 


Apthous stomatitis l 
Necrotizing vasculitis of skin 1( 
Nonspecific iritis j I (0.1) 
Primary sclerosing cholangitis 1 ( 
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TABLE 6. Frequency of Stools in Patients With and Without 
Extraintestinal Manifestations of IBD 


Stool Frequency 


Group n Daytime Nighttime 
EIMs 179 7 i 


No EIMs 545 r 7 l 


If the intraluminal environment of the ileal pouch after 
IPAA resembles that of the colon, as suggested by Shepard 
et al.!4 and Lerch et al.,!? then the pouch may become 
the target or, indeed, may be the origin of continuing 
disease. 

One argument against this hypothesis 1s that Gustaus- 
son et al., O’Connell et al.,!° and the present report all 
document that pouchitis occurs after IPAA for familial 
adenomatous polyposis. Familial adenomatous polyposis 
patients are, however, at greatly reduced risk compared 
to patients with chronic ulcerative colitis (Figure 1); indeed 
underlying disease was a significant predictor of the oc- 
currence of pouchitis in our study. 

A criticism of these reports might be that a histologic 
diagnosis was not sought in each reported case of pouch- 
itis. Our experience has been that histologic criteria of 
pouchitis, such as those suggested by Shevard et al.,’* may 
or may not be present in patients with all of the clinical 
signs of pouchitis and, furthermore, that histologic changes 
are not uniform. A biopsy taken from a mature pouch 
may be read as normal colon, while a biopsy taken 1 cm 
away in the same pouch may be read as inflamed small 
bowel mucosa. Relying strictly on histo_ogic grounds for 
a diagnosis of pouchitis, therefore, 1s hazardous. 

The presence of extraintestinal manifestations of in- 
flammatory bowel disease was also found to be a prog- 

-nostic factor for pouchitis. Most EIMs seen commonly 
in patients with chronic ulcerative colitis are cured by 
proctocolectomy. In some patients, severe extraintestinal 
manifestations may even be the primary indication for 
surgical intervention; eye changes leading to blindness, 
incapacitation from arthritis, or intractable skin lesions 
may prompt colectomy even if the IBD is quiescent.?! In 
contrast the clinical course of some EIMs such as‘anky- 
losing spondylitis and primary sclerosing cholangitis may 
not be affected by proctocolectomy and may progress un- 
impeded after surgery. Interestingly primary sclerosing 
cholangitis and ankylosing spondylitis sometimes occur 
initially after proctocolectomy has beer. performed.”! 

An anectdotal relationship between Douchitis and ex- 
traintestinal manifestations has been reported previ- 
ously. !013:15:16,19,22-24 The present study supports and ex- 
tends these findings in a larger group cf patients. In pa- 
tients who had EIMs before operation, the incidence of 
pouchitis was significantly higher than in patients without 
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EIMs before operation (p < 0.01; Figure 2). After oper- 
ation, as well, the presence of EIMs was significantly cor- 
related with whether the patient developed pouchitis (p 
< 0.001). Twelve patients experienced worsening of EIMs 
with episodes of pouchitis. Indeed seven patients corre- 
lated episodes of pouchitis directly with the onset, of 
symptoms of EIMs, which then, in turn, disappeared when 
the pouchitis was treated. 

Interestingly the only apparent functional abnormality 
in patients with pouchitis was an increased rate of fecal 
incontinence (Table 3). Other demographic, functional, 
or pathologic factors such as age, sex, pouch type, and the 
occurrence of perioperative pelvic sepsis were not corre- _ 
lated with the pouchitis. Importantly the stool frequency 
in patients with pouchitis did not differ from that of pa- 
tients without pouchitis. 

The medical management of pouchitis with metroni- 
dazole continues to be relatively simple and successful in 
nearly every patient; only one of our 819 patients has 
required pouch excision because of intractable pouchitis. 
Other authors also report pouchitis as a cause for pouch 
excision, but it is rare.°?? Whether pouchitis will continue 
to respond promptly to antibiotics is unknown and is a 
cause of concern; some patients (27 in our series) take 
low-dose metronidazole daily as pouchitis prophylaxis. 

In our series of 734 IPAA patients, 29% had at least 
one episode of pouchitis. Sixty-one per cent of patients 
who had one episode of pouchitis had recurrence. Rates 
of incontinence were significantly elevated in patients with 
pouchitis, but stool frequency was not. We found that 
patients with EIMs of inflammatory bowel disease were 
at higher risk of developing pouchitis after IPAA; such 
patients should be so informed before operation. Man- 
agement of the pouchitis, whether it was associated with 
EIMs, is uncomplicated and nearly always successful. 

In conclusion pouchitis and EIMs of inflammatory 
bowel disease appear to be associated. This association 
may indicate that the pathophysiologic mechanism un- 
derlying pouchitis provokes a systemic response similar 
to that which occurs in response to chronic ulcerative 
colitis. This likely occurs because the ileal reservoir has 
undergone a change in its luminal environment and in 
its histology, such that it more closely resembles the colon 
than the ileum. This, in turn, has implications for the 
long-term follow-up of patients after IPAA. 
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DISCUSSION 


Dr. JOSEF E, FISCHER (Cincinnati, Ohic): We are indebted to the 
Mayo group for sharing their experience with us. Our own experience 
is quite a bit smaller, about 200 patients, but I do follow each one of 
them myself, so I have a fairly longitudinal experience with their post- 
operative course. 

Our incidence of pouchitis correlates with yours, and it is about 9% 
to 12%, but I have done, with the exception of seven patients, all ‘S 
pouches, so our 9% to 12% pouchitis rate is equivalent to what you 
reported with the ‘S’ pouches, which I believe was 13%. 

I am not sure we are talking about the same disease because I rarely 
see fever associated with pouchitis, and ] am not sure, from the description 
of what you called pouchitis, whether fever was an essential part of the 
picture. To call something pouchitis, do you include fever as a necessary 
criterion? 

All of these pouches, as you noted, are abnormal if you biopsy them, 
and I certainly can’t tell the difference between those that get pouchitis 
clinically and those who do not. 

We also see arthritis, but arthritis in our experience is rarely long- 
term. We see arthritis regularly in patients when we are tapering steroids 
between the first operation and the ileostomy closure, which we generally 
carry out about 4 months afterwards. After reading your abstract, | 
checked my patients’ records and called those who had pouchitis and 
asked them if we had missed arthritis and they hadn’t mentioned it or 
perhaps | had overlooked it or not paid attention. They all reported that 
they did not have arthritis, so there is a significant difference in that as 
well. 

I have a fairly simple-minded view of some forms of pouchitis. Is it 
associated with two things-—-mechanical stricture at the anastomosis, 
and a big baggy pouch that doesn’t empty because the pouches don’t 
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have peristalsis? It depends on intra-abdominal pressure. If the pouch is 
too big, these patients have residual for whatever reason that seems to 
cause this syndrome. 

Do you have any incidence of mechanical associations, such as a stric- 
ture, with pouchitis? 

In four patients 1 have done a transanal revision of the anastomosis 
for relief of the pouchitis, and I wonder if your experience is the same. 

The third group that is very difficult is the group with sclerosing chol- 
angitis. These patients seem to have what we would call pouchitis, but 
I also have great difficulty in controlling their ileostomy output, even 
before I close the ileostomy, and I have never understood exactly why 
that is so, but it seems to me that is an extraordinarily difficult group, 
and they, of course, have an extraintestinal manifestation of whatever 
disease we are discussing. Is this your experience as well? 

It is an intriguing, scary hypothesis. I hope you are incorrect because 
I would hate to tell these people that they have a significant incidence 
of pouchitis awaiting them after an operation that has been successful. 


DR, HARVEY J. SUGERMAN (Richmond, Virginia): Clearly the ileoanal 
procedure has provided many of our patients with a significantly improved 
lifestyle for familial polyposis as well as for advanced or long-standing 
ulcerative colitis. Furthermore patients are seeking a surgical approach 
much earlier, before being overwhelmed by their disease or carcinoma. 

Nevertheless the operation should not be taken lightly and carries 
both early and, as shown in this report, late complications. In our series 
of 77 patients who have undergone the ileoanal operation at the Medical 
College of Virginia, we have had 12 patients develop a clinical syndrome 
that we have called pouchitis. Of these 12 patients, 9 had ulcerative 
colitis and 3 had familial polyposes. These data are much closer to your 
previous report of 14%. How is it that your number jumped from 14% 
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to 29% and can you again describe the criteria for this diagnosis because 
it seems to be fairly nebulous? 

We found no relationship among the type of pouzh constructed, stool 
frequency rate, the percentage of scintigraphic stool emptying, and the 
development of pouchitis. 

However, in contrast to the Mayo Clinic series, we found that one of 
the earliest symptoms of pouchitis is an increased stool frequency. In 
fact, one of our patients was recently treated with Bactrim for chronic 
bronchitis and noted that his stool frequency, whica had increased from 
6 to 15 per day, decreased again to 6 per day. His number of stools 
increased again to 15 per day 2 weeks after Bactrim had been discontin- 
ued. This patient has subsequently responded to metronidazole, with a 
decrease in stool frequency. I agree that pouchitis is probably a clinical 
rather than a bacteriologic or microscopic diagnosis. Nevertheless, en- 
doscopic examination of the pouch usually does show clinical evidence 
of friability and inflammation. We have one patient who requires metro- 
nidazole on and off at 2-week cycles to control pouchitis and two patients 
who failed to respond to metronidazole but did respond to Bactrim. 
How many of your patients have been refractory to treatment with met- 
ronidazole, and, if they were, what antibiotic did you use? 

Others have also suggested that pouchitis may be another manifestation 
of the generalized inflammatory process present in inflammatory bowel 
disease and may represent an increased susceptibility of the ileum to 
mucosal changes. In one recent communication from Bologna, Italy, 
(Barbara L, DiFebo G, Gozzetti G., et al. Topical administration of 5- 
aminosalicyclic acid: a therapeutic proposal for the treatment of pouchitis. 
N Engl J Med 1989; 320:257), pouchitis responded to perianal pouch 
instillation of 5-ASA. Have you tried this approach or oral azulfidine in 
any of your patients? 

Four of our patients have developed extraintestinal manifestations 
(EIMs) of ulcerative colitis after their ileoanal procedure. Only one of 
these patients had clinical or histologic evidence of pouchitis at the time 
of the EIM. One had arthritis before the ileoanal operation. One of our 
patients developed erythema nodosum in association with a small cuff 
abscess | year after operation that responded to silver nitrate cauterization 
of the abscess cavity after drainage. We thought that the etiology was 
possibly a rest of inflamed mucosa left after the mucosal stripping pro- 
cedure but were unable to obtain confirmatory histology. She had no 
symptoms of pouchitis at that time and endoscopy and biopsy of the 
pouch.showed no evidence of inflammation. . 

In analyzing your series, 24 of your patients developed EIMs after the 
ileoanal procedure that had not been present before operation. How 
many of those had pouchitis? Did any have a cuff abscess or possibly 
residual rests of inflamed mucosal cells? 

Your series suggests that 64 of these 179 patients with preoperative 
extraintestinal manifestations did not resolve them after the ileoanal 
procedure. If so, this number is much higher than other series would 
predict. How many patients had EIMs that were unrelated to pouchitis? 
How did you treat EIMs that were unassociated with pouchitis or were 
refractory to treatment with metronidazole? 

Except for the seven cases of EIMs that came with the onset of pouchitis 
and resolved with its treatment, and the fact that patients with EIMs 
had a significantly greater incidence of pouchitis, your data would suggest 
that the two issues are ‘true-true, but unrelated’ and a disturbing man- 
ifestation of a more generalized inflammatory process. 

In the past 8 months we have performed the tuple-stapled supralevator 
ileoanal operation in 14 patients. This is a muca simpler operation that 
may obviate the need for ileostomy and its associated complications. It 
leaves approximately 1 to 4 cm of diseased mucosa above the dentate 
line but is associated, in our experience, as well as in those of the British 
surgical groups who proposed it, with significantly better stool control. 
It may, however, be difficult to differentiate between pouchitis and residual 
disease. One may require treatment with metroridazole, the other steroid 
enemas. Furthermore the incidence of EIMs with this approach remains 


unknown, although a high frequency, as we have just heard, has not ` 


been reported by the group in Cincinnati who have performed the op- 
eration, leaving the columns of Morgagni intact. 

This series by Pemberton and his colleagues provides important but 
disconcerting information for us and our patients who not only need to 
be informed of the risk of pouchitis after the ileoanal operation but also 
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know that their EIMs may not be resolved with surgery—or may even 
develop them if they have never been present before. Nevertheless these 
complications are certainly better than the risk of fulminant disease or 
carcinoma and outweigh the unpleasant aspects ofa permanent ileostomy. 


Dr. MALCOLM C. VEIDENHEIMER (Burlington, Massachusetts): We 
started doing this operation at about the same time that the people at 
the Mayo Clinic did, and in those early days there were frequent telephone 
calls back and forth to discuss technical details. To my knowledge the 
technique used at Mayo is very similar to the technique used at the 
Lahey Clinic and, like everything else at Mayo, they have done twice as 
many cases as we have. 

The results have been on par until today, when I find some things 
that are different. We have had a mean follow-up time of just less than 
40 months and yours was more than 40 months, and our incidence of 
pouchitis is 14%. 

Our diagnosis of pouchitis is made on the basis of watery, bloody, 
more frequent stools, and we verify it by performing endoscopy and 
seeing the friability that Dr. Sugerman has just mentioned. I wish that 
the Mayo people had looked into these pouches rather than doing this 
survey in the way that they did. 

The importance of the paper in bringing out a new facet of inflam- 
matory bowel disease should not be cast aside. Although Dr. Fischer and 
we have not recognized the occurrence of extraintestinal manifestations 
in the same circumstances as the Mayo Clinic, I believe it is important 
to others to review their experience in light of the Mayo study. 

This paper supports the thesis that inflammatory bowel disease is a 
systemic disease. However, unfortunately for the patients, I have probably 
done 15 or 20 young people who have had artificial joints because of 
the ravages of Prednisone therapy, and I wonder whether some of your 
patients who are having extraintestinal manifestations of the arthritic 
type are, in fact, manifesting overabundance of steroids in the past. 

Have you have seen any patients with pouchitis before the leotomy 
has been closed? We have seen that in one case, 

In your group of excluded patients, you have excluded those with 
Crohn’s disease. However you have not mentioned patients with inde- 
terminate colitis, a group that comprises about 10% of our pouch patients. 
A large percentage of our patients with pouchitis have been diagnosed 
as having indeterminate colitis. Clinically, I think, many of these people, 
have Crohn’s disease, and I wonder if you have had patients with in- 
determinate colitis. How do they fit into the pouchitis group? 


Dr. BENJAMIN M. RUSH (Shreveport, Louisiana): | am the other Ben 
Rush. I’m not to be confused with Ben Rush, the member of this As- 
sociation. - 

I hear people talking about pouchitis and blaming themselves. I am 
not aware that creating a pouch prevents the formation or the occurrence 
of the standard garden variety of Shigella, salmonosis, or amebiasis, and 
I wonder if they are not blaming themselves, sometimes, for something 
that they have no control over. 


Dr. J. H. PEMBERTON (Closing discussion): Dr. Fischer, fever is not 


‘an absolute indication that the patients have pouchitis, but it is one of 


the variables in our diagnosis. The etiology of pouchitis is unknown. 
Contributing causes are a baggy, poorly emptying pouch and anastomic 
strictures. However, in our patient group, we have found no association 
between strictured anastomses and pouchitis. Furthermore the chronic 
stricture rate in our patients is 5%, which is far less than the rate of 
pouchitis. As far as PSC is concerned, only one patient was operated on 
who had PSC diagnosed before operation. 1 do not know the patient’s 
stool frequency. 

Dr. Sugerman had many questions. Regarding patients who are re- 
fractory to treatment, less than 5% of our patients have been refractory 
to Flagyl™ or had severe side effects; in these patients we have used 
several other antibiotics, including tetracycline, ampicillian, and cipro- 
floxacin. I would agree, Dr. Sugerman, that stool frequency in our patients 
with pouchitis was higher, but this occurs during the episode of pouchitis. 
If stool frequency is plotted over time, only when pouchitis is present. 
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Patients with a history of pouchitis do not have an inherently higher 
stool frequency than those who do not. 

As far as instilling 5-ASA enemas into the pouch is concerned, this 
has been tried at our institution, if Flagyl ™ fails; this has been successful 
in reducing mucosal inflammation. 

Of the 24 patients who developed extraintestinal manifestations after 
operation, less than 10% had pouchitis. We found no evidence of cuff 
abscesses or of rests of cells of rectal mucosa in those patients as opposed 
to other patients who did not have extraintestinal manifestations. 

Just a brief comment about the triple stapling technique, Dr. Sugerman. 
It is an interesting technique that we think should be subjected to a 
prospective randomized study. I am familiar with Dr. Fischer’s experience 
and with those in the United Kingdom who have found better functional 
results in patients in whom the anal transition zone as left in situ. We 
have not adapted this technique at Mayo. 

Dr. Veidenheimer, endoscopy was not performed on our patients, 
Drimarily because the endoscopic findings can be so confusing. One can 
take a biopsy from one portion of the pouch that will come back ‘normal 
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ileum,’ then take another biopsy from the same pouch at the same time 
that will come back ‘acute inflammation.’ Furthermore the degree of 
inflammation in the pouch often does not correlate with symptoms of 
the patient. Because pouch biopsy is a notoriously unreliable index of 
pouchitis, we did not scope our patients. 

Dr. Veidenheimer makes a good point about arthritis and steroids. 
We tried to determine whether arthritic symptoms were due to steroid 
use, but this is difficult because nearly all of our patients were on steroids 
before operation. l 

Results of the ileal pouch-anal anastomosis operation performed on 
patients diagnosed as having indeterminate colitis have been reported 
recently (Pezim ME, Pemberton JH, Beart RW Jr, et al. Outcome of 
‘indeterminant’ colitis following ilial pouch-anal anastomosis. Dis Colon 
Rectum 1989; 32:653-658). In the present study, the patients were not 
subgrouped. Therefore I do not have specific pouchitis data on the in- 
determinate colitis patients. 

Dr. Rush, cultures for Amaeba and Shigella have been performed on 
the patients with pouchitis and there has been no association. 





Differential Effects of Gut Hormones on Pancreatic 
and Intestinal Growth During Administration 


of an Elemental Diet 





B. MARK EVERS,-.M.D.,* MASAAKI IZUKL RA, M.D.,” COURTNEY M. TOWNSEND, JR., M.D.,* 


TATSUO UCHIDA, M.S.,f and JAMES C. THOMPSON, M.D." 


Liquid elemental diets (ED) will, in time, cause atrophy of the 
gut. Pentagastrin (PG), neurotensin (NT), and bombesin (BBS) 
are peptides that have trophic effects on the gut of normal rats. 
This study examined the effect of these three agents on gut atro- 
phy produced by ED. Four groups of rats were given an ED and 
injected with either saline (control), PG (25) g/kg), NT (300 
ng/kg), or BBS (10 ug/kg) subcutaneously every 8 hours for 5 
- or 10 days. A fifth group was fed rat chow ad libidum. The rats 
were killed on day 6 or 11; the pancreas and segments of smal] 
intestine were removed. Atrophy of ileal mucosa was apparent 
on days 6 and 11, and atrophy of jejunal mucosa was manifest 
by day 11. Bombesin prevented jejunal mucosal atrophy and 
significantly increased ileal mucosal growth (compared with 
control). Neurotensin prevented the jejunal, but not the ileal, 
mucosal atrophy produced by ED. Pentagastrin had no effect on 
gut mucosa. Bombesin and PG, but not NT, stimulated pancreatic 
growth. Neurotensin stimulates pancreaticobiliary secretions 
(PBS), which are known to stimulate gut growth. Jejunoileal 
bypass was performed to determine whether trophic effects of 
NT on gut mucosa were mediated through stimulation of PBS. 
After 1 week treatment, animals were killed and segments of 
intestine removed. As expected NT was trophic for gut mucosa 
in continuity with the luminal stream; furthermore NT produced 
significant stimulation of growth of gut mucosa in the bypassed 
segment. We conclude that both BBS and NT are trophic for 
intestinal mucosa of rats given ED; both agents have a more 
pronounced effect on jejunum. The trophic effect of NT is me- 
diated, in part, by a mechanism unrelated to stimulation of PBS. 
Bombesin and NT may have important regulatory functions in 
the adaptive growth of smali bowel mucosa and in the mainte- 
nance of gut mucosal integrity. 





Presented at the 101st Annual Meeting of the Southern Surgical As- 
sociation, Hot Springs, Virginia, December 3-6, 1989. _ 

Supported by grants from the National Institutes of Health (5R37 DK 
15241 and POI DK 35608), the American Cancer Society (PDT-220), 
and in conjunction with the Walls Medical Research Foundation. 

Dr. Izukura is a Visiting Scientist from the First Department of Surgery, 
Osaka University Medical School, Osaka, Japan. 

Address reprint requests to Courtney M. Townsend, Jr., M.D., De- 
partment of Surgery, The University of Texas Medical Branch, Galveston, 
Texas 77550. 

Accepted for publication December 28, 1989. 


From the Department of Surgery* and Office of Academic 
Computing and Biostatistics,t The University of Texas 
Medical Branch, Galveston, Texas 


ERTAIN GUT HORMONES produce trophic effects 

on target tissues.! Gastrin exerts a trophic effect 

on the mucosa of the fundus, duodenum colon,” 
and the pancreas.** Neurotensin (NT) stimulates small 
bowel mucosal growth.*° Bombesin (BBS) and cholecys- 
tokinin (CCK) stimulate pancreatic growth.” Gut hor- 
mones, released after meal stimulation, may act in an 
endocrine or paracrine fashion to regulate gut growth and 
maintain mucosal integrity. 

The gastrointestinal (GI) tract is a dynamic organ pro- 
foundly affected by dietary alterations or disuse. Short- 
term starvation and total parenteral nutrition (TPN) lead 
to atrophy of gut tissue out of proportion to the atrophy 
seen in other organs;”!” thus an integral role for intralu- 
minal nutrients is suggested in maintenance of gut struc- 
ture. Liquid elemental diets (ED), commonly given to a 
select group of patients as a primary or supportive nutri- 
tional source, are almost completely absorbed in the 
proximal small intestine.!!'* Despite providing an enteral 
route for nutrition, liquid diets cause atrophy of gut mu- 
cosa.!*!4 Recent studies have, therefore, focused on the 
role of specific dietary components in maintaining mu- 
cosal mass. Hwang et al.!> and Fox et al.!© have shown 
that addition of the nonessential amino acid, glutamine, 
to TPN or ED significantly reduces gut mucosal atrophy. 
Spector et al.” found that intragastric infusion of valine 
or histidine reduced TPN-associated mucosal atrophy. 
When infused into the ileum, these two amino acids in- 
duced local growth of ileal mucosa and stimulated mu- 
cosal growth in the proximal intestine. Weser et al.!® found 
that midgut infusions of simple sugars stimulated mucosal 
growth both proximal and distal to the site of infusion. 


630 


Vol. 211+ No.3 


We have postulated that a possible explanation for these 
findings is the stimulated release of enterotrophic hor- 
mone(s) that act systemically or locally to regulate small 
bowel mucosal growth. 

The purpose of our study was to evaluate and compare 
the ability of gut hormones (NT, BBS, and pentagastrin 
{PG]) to prevent atrophy and maintain gut and pancreatic 
growth during feeding of an elemental diet. The second 
part of this study was designed specifically to investigate 
the mechanism of the trophic action of NT on the small 
intestine. 


Materials and Methods 


Experimental Design 


In the first experiment, 80 male Sprague-Dawley rats 
(250 to 300 g; Harlan Sprague-Dawley, Indianapolis, IN) 
were acclimated for 1 week at a constant temperature (22 


-C) with 12-hour light and dark cycles. During this period 


all rats were fed standard rat chow (Ralston Purina, St. 
Louis, MO) ad libitum. After acclimation, rats were 
weighed, randomly divided into five groups of 16 each, 
and fasted overnight with free access to water. Beginning 
the next merning, four study groups received 0.5 mL sub- 
cutaneous injections of either saline (control), PG (250 
ug/kg, Ayerst Laboratories Inc., New York, NY), NT (300 
ug/kg, Peninsula Laboratories, Inc., Belmont, CA), or BBS 
(10 ug/kg, Bachem, Torrance, CA) every 8 hours. All in- 


jections were mixed with 16% hydrolyzed gelatin. In ad- _ 


dition the three groups receiving peptide injections were 
pair-fed (to the control) a glutamine-free, liquid ED that 
contained no fat. The fifth group (chow) was a reference 
group and received rat chow and water ad libidum. This 
group was included to allow determination of the extent 
of gut mucosal atrophy and to determine whether exog- 
enous peptide administration could return the atrophic 
gut to the normal level found in rats fed chow. 

The chemically defined ED was prepared daily and 
consisted of dextrose (deionized corn syrup) (Nutrisource 
Carbohydrate, Sandoz Nutrition, Minneapolis, MN), 
crystalline amino acids (Nutrisource Amino Acids), elec- 
trolytes (Nucrisource Minerals), and vitamins (Nutrisource 
Vitamins). The concentrated modular components were 
diluted with distilled water to provide 1.0 Kcal/mL and 


0.01 g/mL of nitrogen and given to the rats in graduated _ 


sippers. Daily consumption averaged 55 to 68 Kcal. 
Eight rats in each group were injected for 5 days and 


killed on day 6 by the use of a CO, chamber. The other. 


eight were injected for 10 days and killed on day 11. Rats 
were weighed and killed beginning at 8:00 A.M. (8 hours 
after the last injection) and continued with one rat from 
each group until all were killed (approximately 1600 rats). 
The abdomen was opened by a midline incision and the 


pancreas and the small intestine (from ligament of Treitz: 
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to the ileocecal junction) were removed. The mesentery 
was trimmed and all luminal contents removed by flush- 
ing with cold saline and gentle manual stripping. The 
proximal jejunum (30 cm) and distal ileum (30 cm) were 
taken for analysis. All intestinal segments were suspended 
vertically with a 20-g weight to insure constant lengths. 
The two segments were then opened longitudinally, blot- 
ted dry, and weighed; the mucosa was carefully scraped 
from the underlying seromuscular layer, using a glass slide 
as scraper. The mucosa (from the two segments) and pan- 
creas were weighed and immediately frozen at —70 C until 
assayed for DNA, RNA, and protein content. 

In the second experiment, 20 male Sprague-Dawley rats 
(250 to 300 g) were acclimated for 1 week on regular chow. 
After an overnight fast, rats were weighed and anesthetized 
with ether, and a jejunoileal bypass was constructed. The 
intestine was divided 10 cm from the ligament of Treitz 
and the proximal end was anastomosed end-to-side to the 
ileum (10 cm from the'ileocecal junction) by means of a 
continuous 6-0 silk suture. The distal end was sutured 
closed, thereby creating a defunctionalized self-emptying 
loop, devoid of PBS, that averaged 60 to 70 cm in length 
(Fig. 1). After operation, all rats were given 10 cc Ringer’s ` 
lactate subcutaneously. Rats were divided into two treat- 
ment groups that received either saline (control), or 300 
ug/kg NT, administered subcutaneously in 16% hydro- 
lyzed gelatin every 8 hours (for 7 days), beginning the 
next morning. Rats were allowed only water on the first 
postoperative day. On day 2 (and continuing until they 
were killed) rats treated with NT were pair-fed (to con:rol 
rats) a liquid ED (Nutrisource). Two rats died during the 
study (one from each group) because of anastomotic leaks. 
On day 8, rats were killed as described above. Three seg- 





{iii Excised 


Fic. 1. Schematic diagram of jejunoileal bypass described in detai in 
Materials and Methods. Segments from proximal jejunum (5 cm), distal 
ileum (5 cm), and defunctionalized jejunoileal loop (20 cm) were excised 
and mucosa was weighed and analyzed for DNA, RNA, and protein. 
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ments of small bowel were removed: the first was proximal 
jejunum (5 cm) taken 5 cm proximal te the jeyunoileal 
anastomosis; the second was distal ileum (5 cm) taken 5 
cm distal to the jejunoileal anastomosis; the third (20 cm) 
was taken from the defunctionalized jeyunoileal loop 5 
cm from the blind end (Fig. 1). Mucosa was removed, 
stored, and assayed for protein, DNA, and RNA content. 


Peptide Preparation 


- A stock solution of either NT or BBS was prepared by 
first dissolving the amount of peptide needed for the study 
in 1 mL of sterile water containing 1% (weight/volume) 
bovine serum albumin (BSA) (Calbiochem-Behring, La 
Jolla, CA). The 1 mL sample was diluted to the required 
concentration with saline containing 1% BSA. Pentagas- 
trin was likewise diluted to the required concentration 
with saline containing 1% BSA. Aliquots of 1% BSA, and 
peptides sufficient for a single injection of all rats of a 
given group, were stored in glass vials at —20 C. To prolong 
the rate of absorption after injection, peptides and saline 
were mixed 1:4 (volume/volume) with 16% (weight/vol- 
ume) hydrolyzed gelatin (Sigma Chemical Co., St. Louis, 
MO) before administration. 


DNA, RNA, and Protein Determination 


Tissues were thawed, homogenized (Polytron, Kine- 
matica GmbH, Kriens-Luzern, Switzerland), extracted, 
and analyzed for DNA, RNA, and protein by methods 
that we have previously described. *? 
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FIG. 2. Mucosal weight, DNA, protein, and RNA content of proximal 
jejunum (30 cm) from rats fed an ED (open bacs) with injections of 
saline (control), PG (250 ng/kg), NT (300 ng/kg), or BBS (10 pg/kg) 
administered subcutaneously in gelatin every 8 hours for 5 days, compared 
with rats fed a regular (chow) diet (hatched bar) for 5 days (n = 8/group; 
* = p < 0.05 vs. chow; T = p < 0.05 ys. control). 
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FIG. 3. Mucosal weight, DNA, protein, and RNA content of distal ileum 
(30 cm) from the same animals shown in Figure 2 (n = 8/group; * = p 
< 0.05 vs. chow; f = p < 0.05 ys. control). 


Statistical Analysis 


_ Pancreatic and mucosal weights, and as well as DNA, 
RNA, and protein contents, were normalized expressing 
their amounts in terms of 100-g body weight. Values are 
expressed as the mean +SEM and were analyzed using 
one-way analysis of variance, with Duncan’s multiple- 
range test for mean separation.”° Data from the jejunoileal 
bypass study were analyzed using Student’s t test for un- 
paired values. In all instances, a p value < 0.05 was con- 
sidered significant. 


Results 
Experiment I (5-day Study) 


Body weight. There were no significant differences in 
initial or final body weights among the four groups re- 
ceiving an ED. 

Pancreas. in comparison with control, BBS significantly 
stimulated weight (60%), as well as RNA (99%) and pro- 
tein content (124%). Neither PG nor NT affected any 
measurement of pancreatic growth after 5 days of treat- 
ment. Pancreatic wet weight (but not protein, DNA, or 
RNA) was less in the control group as compared to the 
chow group (data not shown). 

Jejunum (Fig. 2). Jejunal mucosa of control rats was 
maintained for 5 days on an ED with a decrease noted 
only in RNA content. Both NT and BBS exhibited only 
minimal effects on mucosal growth. Pentagastrin had no 
effect on mucosal growth of the jejunum. 

Ileum (Fig. 3). Mucosal atrophy was greater in the ileum 
than jejunum after 5 days of ED (compare with Fig. 2). 
Administration of NT increased mucosal weight (42%) 
and RNA content (38%). Bombesin effectively prevented 
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ileal mucosal atrophy by increasing weight (23%), RNA 
(41%), and protein (200%) compared to control. Penta- 
gastrin had no effect on ileal mucosal growth. 


Significant trophic effects noted after 5 days of treat- . 


ment were hypertrophy of ileal mucosa induced by NT 
and BBS and hypertrophy of the pancreas stimulated 
by BBS. 


Experiment I (10-day Study) 


Body weight. There were no significant differences in 
initial or final body weights of the groups fed an ED. 
Weights were maintained within a range of +5% of initial 
body weight. 

Pancreas. Treatment with either PG or BBS produced 
significant pancreatic hypertrophy (increased weight, 
RNA, and protein) and hyperplasia (increased DNA) 
compared to both control and chow-fed rats. Neurotensin 
had no effecit on growth of the pancreas. After measure- 
ments were normalized for body weight, there were no 
differences in pancreatic measurements between control 
and chow-fed rats (data not shown). 

Jejunum (Fig. 4). Ten days of an ED produced signif- 
icant atrophy of jejunal mucosa in control as compared 
to chow groups. Both NT and BBS prevented the atrophy 
of jejunal mucosa that was induced by the ED. Neuro- 


tensin increased mucosal weight 34%, DNA content by . 


17%, RNA content by 66%, and protein by 57% compared 
to control. Bombesin was similarly effective in stimulating 
jejunal mucosa: weight was increased 47%, DNA content 
25%, RNA content 86% and protein content 75%, com- 
pared to control. Furthermore BBS produced hyperplasia 
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FIG. 4. Mucosal weight, DNA, protein, and RNA content of proximal 
jejunum (30 cm) from rats fed an ED (open bars) with injections of 
saline (control), PG (250 xg/kg), NT (300 ug/kg), or BBS (10 ng/kg) 
administered subcutaneously in gelatin every 8 hours for 10 days, com- 
pared with rats fed a regular (chow) diet (hatched bar) for 10 days (n 
= 8/group; * = p < 0.05 vs. chow; tf = p < 0.05 vs. control). 
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Fic. 5. Mucosal weight, DNA, protein, and RNA content of distal ileum 
(30 cm) from the same animals shown in Figure 4 (n = 8/group; * = p 
< 0.05 vs. chow; ¢ = p < 0.05 vs. control). 


in rats fed an ED compared to the chow-fed group. Pen- 
tagastrin had no effect on jejunal mucosa. 

Ileum (Fig. 5). The atrophic changes noted in the ileum 
after only 5 days of an ED were maintained at similar 
levels after 10 days. The increases in ileal mucosal weight 
and RNA content that were seen after 5 days of NT were 
not evident after 10 days. Bombesin produced hyperplasia 
(an increase in weight [32%], DNA [28%], RNA [42%], 
and protein [36%]) compared to control after 10 days of 
treatmént. Again PG had no effect on ileal mucosa. 


Experiment 2 (Jejunoileal Bypass) 


There were no significant differences in final body 
weights between the two groups. Weights were maintained 
in a range of +5% of initial body weight after 7 days of 
treatment. 

Administration of NT increased mucosal weight (84%), 
DNA (33%), RNA (97%), and protein content (77%) in 
the proximal jejunal segment that was exposed to the lu- 
minal stream (Fig. 6). In contrast to our 5- and 10-day 
study of rats with intact bowel, NT also produced a trophic 
effect in the distal ileal segment with increases in mucosal 
weight (72%), DNA (33%), and protein content (56%) 
compared with control rats (Fig. 7). In addition NT pro- 
duced a trophic effect in the segment of jejunum from 
the defunctionalized jejunoileal loop. Mucosal weight was 
increased 21%, DNA 25%, RNA 41%, and protein content 
25% compared to bypassed rats that did not receive NT 
(Fig. 8). 


Discussion 


We have demonstrated atrophy of intestinal mucosa 
associated with feeding a liquid ED, confirming previous 
findings.'*:!4 Atrophy of ileal mucosa occurred rapidly and 
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Fic. 6. Comparison of mucosal weight, DNA, protein, and RNA content 
of proximal jejunum (5 cm) in rats fed an ED after jejunoileal bypass 
and 7-day injections of saline (control, open bars) or NT (300 ug/kg) (n 
= 9/group; * = p < 0.05 vs, control). 


was evident after 5 days of an ED; there was only a slight 
further decrease after 10 days. We found no atrophy of 
jejunal mucosa after 5 days of an elemental diet, but 10 
days produced atrophic changes to an extent equal to ileal 
mucosa. Our findings are consistent with those of Morin 
et al.,!> who noted that a chemically defined ED main- 
tained the mucosal mass of the proximal better than the 
distal gut. Pancreatic structure was maintained for the 
duration of the study, with only a transient decrease in 
weight measured after 5 days of ED. 

Bombesin, a tetradecapeptide that was isolated initially 
from amphibian skin,”! releases all gut hormones, except 
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FIG. 7. Comparison of mucosa! weight, DNA, protein, and RNA content 
of distal ileum (5 cm) from the same animals shown in Figure 6 (n = 9/ 
group, * = p < 0.05 vs. control). 
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FIG. 8. Comparison of mucosal weight, DNA, protein, and RNA content 
of defunctionalized jejunoileal segment (20 cm) from the same animals 
shown in Figures 6 and 7 (n = 9/group, * = p < 0.05 vs. control). 


secretin.” The mammalian equivalent of BBS, gastrin- 
releasing peptide, is widely distributed in the GI tract of 
rats, guinea pigs, dogs, and humans.”? Bombesin and NT- 
like immunoreactivity have been found in breast milk,” 
and Lehy et al.” showed that subcutaneous administration 
of BBS (20 ug/kg) given for 7 days stimulated intestinal 
and pancreatic growth in suckling rats. These findings 
suggest possible roles for these peptides in gut ontogeny. 

Administration of BBS produced trophic effects on the 
pancreas, which confirms previous reports. The 
magnitude of the trophic effect is dependent on duration 
of treatment; increases in weight, protein, and RNA con- 
tent (indicators of cellular hypertrophy) occur before in- 
creases in DNA content (an indicator of increased cel- 
lularity). 

We demonstrated that BBS prevents atrophy of both 
jejunal and ileal mucosa that is produced by the ED. The 
effect of BBS on small bowel mucosa parallels findings in 
the pancreas; cellular hypertrophy is evident after 5 days 
of treatment, whereas cellular hyperplasia is seen after 10 
days. From this study we cannot determine the mecha- 
nism of the trophic effect of BBS on small bowel mucosa. 
Bombesin stimulates release of enteroglucagon, a distal 
gut peptide often mentioned as a candidate enterotrophic 
agent.” However the enthusiasm generated for entero- 
glucagon as a trophic factor 1s mainly based on a single 
case report of a patient with an enteroglucagon-secreting 
tumor of the kidney and associated small bowel thickening 
and increased villous height.”* It is unlikely that entero- 
glucagon has any trophic effect on gut mucosal growth. 
Gregor et al.? have shown that immunoneutralization 
with specific enteroglucagon antibodies did not affect 
adaptive proliferation of the ileum after small bowel re- 
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section,” and Weser et al.” have found no effects of glu- 
cagon administration in reversing small bowel atrophy in 
rats given TPN. Other possibilities for the action of BBS 
include a direct effect of BBS acting through specific BBS 
receptors on gut mucosa; an indirect effect through stim- 
ulation of PBS, which are known to stimulate mucosal 
growth;?!* or release of other trophic hormones (e.g., 
NT). Whatever the exact mechanism, BBS may prove to 
be an important regulatory hormone of GI growth. 

Neurotensin, a gut peptide found primarily in the je- 
junum and ileum,” has a wide range of actions.” Recent 
studies have shown that NT has a trophic effect on the 
pancreas, gastric antrum,” and small intestine’ of rats 
fed a regular chow. In contrast we used an ED and found 
no effect of NT treatment on pancreatic growth. We have 
previously shown that NT-induced exocrine secretion is 
potentiated by various luminal secretagogues (intraduo- 
denal amino acids and HC1).® It is possible that NT re- 
quires interaction with other pancreatrophic hormones 
or luminal secretagogues, released by chow, before a 
trophic effect is noted. . 

Our present study confirms previous findings of a more 
pronounced trophic effect in the proximal jejunum com- 
pared to the distal ileum.® Administration of NT reversed 
jejunal mucosal atrophy significantly, increasing mucosal 
weight, DNA, RNA, and protein contents compared with 
control values. In addition mucosal weight, RNA, and 
protein were returned to chow-fed levels by NT treatment. 
In the ileum, only transient increases in weight and RNA 
were noted after 5 days of NT; these changes were not 
evident at 10 days. 

Neurotensin stimulates pancreatic exocrine*® and 
biliary*! secretion in rats. Pancreaticobiliary secretions are 
known to stimulate proliferation of enterocytes”* and vil- 
lus enlargement?!** in rats. In addition the small bowel 
trophic effects of CCK and secretin appear to be mediated 
indirectly by stimulating PBS.*? To determine whether 
the trophic effects of NT on small bowel mucosa were 
caused by increased pancreaticobiliary secretion, we per- 
formed jejunoileal bypass in groups of rats, creating self- 
emptying blind loops free of PBS. Rats were then treated 
with either saline or NT (300 pg/kg). Mucosal growth of 
both proximal jejunum and distal ileum that were in con- 
tinuity and exposed to the luminal stream was significantly 
increased in rats given NT compared to control. In ad- 
dition we found that NT produced a trophic effect on the 
mucosa in the bypassed jejunal segment. These results 
demonstrate, for the first time, that NT exerts a systemic 
trophic effect on gut mucosa in addition to an effect that 
might be explained by stimulation of endogenous PBS. 
These findings suggest that NT plays a major role in 
maintaining structural function of the proximal small in- 
testine during adaptive changes. 
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Our study confirmed the findings of others that PG 
does not stimulate mucosal growth*?“* but stimulates 
pancreatic growth?** 

The importance and extent of gut atrophy in humans 
is not known; however recent studies have implicated in- 
testinal atrophy as a possible explanation for translocation 
of gut bacteria and resultant multisystem organ failure 
sometimes seen in critically ill patients.*° Although the 
concept of bacterial translocation remains controversial 
in humans, many experiments have demonstrated trans- 
location of gut bacteria after hemorrhagic shock,” burns,‘ 
or.administration of TPN* or an ED.°° 

Gut hormones that are trophic for small bowel mucosa 
may be important in maintaining mucosal mass and in- 
tegrity and reducing the incidence of translocation. We 
have demonstrated that BBS and NT are both trophic for 
small bowel mucosa during variable periods of gut atrophy 
produced by an elemental diet. We have shown, for the 
first time, that NT stimulates mucosal proliferation in a 
bypass segment. These actions are somewhat selective, 
with a more pronounced effect noted on proximal intes- 
tine. Bombesin and NT may prove to be important hor- 
mones for maintaining normal small bowel mucosal 
growth. In addition these hormones may be useful in 
maintaining normal gut structure and function during 


- periods of gut disuse or atrophy and, perhaps, in the early 


phases of short bowel syndrome. 
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DISCUSSION 


DR. JOSEF E. FISCHER (Cincinnati, Ohio): As usual, this is a very 
elegant, well-designed work that further explores the relationship of pu- 
tative gut hormones with growth of the gut and gut components in both 
benign and malignant conditions. 

If I can take a few liberties with the experimental design, what the 
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authors have done is taken three different types of putative gut hor- 
mones—-one clearly endocrine, one perhaps paracrine, and one perhaps 
neurocrine, ie., the three modes of action of gut hormones—and tried 
to measure their effects on gut growth. 

There is a paradox that when elemental diets are given or TPN is 
given, the atrophy of the gut mucosa is disproportionate to the lack or 
presence of protein and calories, and therefore they invoke another 
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mechanism other than simply a protein and caloric dependence, one of 
which could be the relationship between gut hormones and the gut mu- 
cosa. 

I have one comment and two questians. I think the thesis that gut 
hormones or other substances have a controlling effect on gut mucosa 
is shown not only by this work but also from the recent demonstration 
of some of the laboratories that have been most enthusiastic about sub- 
stances like glutamine. In a recent paper from Wilmore’s laboratories 
they point out very clearly that as compared with supplemental glutamine, 
even on an enteral basis, the administration of epidermal growth factor 
is more efficacious in preventing the atrophy of gut as compared to glu- 
tamine, so that there is evidence from the literature to support this hy- 
pothesis. 

The critical thing I would like to focus on is the finding that neurotensin, 
although it does have an effect on releasing biliary pancreatic secretion, 
clearly has a direct effect on the mucosa, which is not mediated by biliary 
pancreatic secretions, so I have two questions. 

The first relates to the finding that neurotensin, although it stimulated 
the growth of mucosa in 5 days, by 10 days this particular trophic effect 
on tleal mucosa was no longer present. I find that difficult to comprehend, 
and I wondered whether Drs. Townsend and Thompson have any 
thoughts on why this occurred. 

My second question has to do with this peculiar effect that biliary 
pancreatic secretion has on the gut mucosa and perhaps the suggestion 
of the mechanism. 

David McFadden of our department recently showed that when bile 
is placed in a bypassed loop, you have a paradoxic effect of some of the 
pancreatic polypeptide hormones, specifically NPY and PYY, which 
accumulate in the cells. They may not be released in the blood, but they 
are present in rather large concentration in the cells, and these two hor- 
mones, or at least PYY, have been shown to be very trophic in regard 
to the gut mucosa. 

I know that Dr. Thompson’s and Dr. Townsend’s laboratories have 
worked extensively with pancreatic polypeptide, and I wonder what they 
think of the suggestion that perhaps this mechanism may be mediated 
by some of the pancreatic peptides, and whether they have any data as 
to this. 

I like the paper very much. I think it is important work not only in 
its specific nature but to the suggestion that when we are dealing with 
shortened gut or atrophied gut, or maybe even gut poisoned by che- 
motherapy or radiation, that perhaps in addition to nutrients we really 
should look to gut putative peptides to maintain the gut mucosa. 


Dr. EDWARD A. COPELAND (Gainesville, Florida): Our group, both 
in Houston and in Gainesville, has had an interest in the GI tract. 

J would like to compare and contrast our results with those presented 
today. In our experiements, rodents on TPN are compared to chow-fed 
animals. 

As you can sea, the animals on TPN have atrophy of the small bowel, 
oxyntic gland area of the stomach, and the pancreas. 

The addition of pentagastrin to the TPN solution ameliorates the atro- 
phy in all three organs, in contrast to some of the data presented by Dr. 
Townsend. We evaluated the entire small bowel, whereas Dr. Townsend 
evaluated mucosa only. Other experiements evaluating small bowel mu- 
cosa only indicated that the addition of pentagastrin to the TPN solution 
would prevent the expected mucosal atrophy, as well. 

Histologically, what did the small bowel of the animals that received 
gastrin show? 

When receiving TPN, antral tissue gastrin and serum gastrin concen- 
trations fell. Since the addition of pentagastrin to the TPN solutions 
prevented gut and pancreatic atrophy, tell us the interplay among the 
hormones gastrin, Bombesin, and neurotensin in your experiments, Were 
concentrations of these hormones decreased in the organ of origin? 

The colon atrophies, as well, when a rodent is fed either by TPN or 
with an elemental diet. Pentagastrin will ameliorate the atrophy some- 
what, but the addition of non-nutritive bulk to an elemental diet elim- 
inates the atrophy entirely. 

How should we evaluate the absence of bulk in your experiments? 

From a practical point of view, how should we begin to refeed patients 
after a prolonged period of bowel rest? Do we go the clear liquid, full 
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liquid, regular diet route? If so, will the patients get diarrhea? What 
exactly happens from the standpoint of your data? Does the pancreas 
quit making pancreatic juice, the stomach quit making acid, and the 
jujunum lose its ability to absorb? 

You predict that gut atrophy may cause bacterial translocation. Do 
you have data to support this hypothesis, and if so, do neurotensin and 
Bombesin eliminate it? 


Dr. LESTER WILLIAMS (Nashville, Tennessee); Yesterday we heard a 
good deal on gut mucosal barrier, as has already been mentioned by Ted 
Copeland. Although there was discussion of what is cause, what is effect, 
and what'is mechanism, there was the implication in almost every pre- 
sentation that metabolic phenomena were important. In those discussions 
elemental diets were used because they improved metabolic phenomena 
of the gut mucosa. Now we have a model in which the use of the elemental 
diet is the mechanism whereby the metabolism of the mucosa is deranged. 
Clearly there is some concern generated by these two diverse observations. 

The second comment relates to how complicated these issues are be- 
cause the neurotensin data are very variable in terms of what is happening 
in the jejunum and in the ileum. This leads me to my only question. In 
the bypass group, the ileal response is substantial, and yet in the original 
data the ileal response to neurotensin is so variable that you conclude 
there is no response. 

Why is it that ileum, when it is in a bypass segment, shows an effect 
but it does not when the intestinal tract is intact? 


Dr. JOHN M. KELLUM (Richmond, Virginia): I] want to ask Dr. 
Townsend to reassure us that these rats actually ate the elemental diet. 
Even a starved Texas wharf rat would be too discriminating to eat the 
elemental diet. 

The reason I am skeptical is that when we did some clinical studies 
in our center, we have found that elemental diet put through a nasogastric 
tube into the stomach in humans causes a vigorous response in terms 
of CCK release and pancreatic secretion. 

The second question I wanted to ask relates to the role of the ileal 
peptide, enteroglucagon, which has gained some currency as a physiologic 
trophic hormone for the colon and perhaps the distal small bowel. Did 
you look at enteroglucagon, and if so, what were your findings? 


é 


Dr. EDWIN A. DertcH (Shreveport, Louisiana): Most of us believed 
for a long time that enteral feeding is superior to parenteral feeding, since 
Dr. Sheldon clearly showed that enterally fed animals survived a septic 
challenge better than parenterally fed animals, This concept was verhed 
recently in trauma patients by Dr. Moore in Colorado. However what 
is apparent is that not all enteral feedings are equally protective. Specif- 
ically elemetnal diets do not appear to be very different from parenteral 
nutrition as far as supporting distal intestinal function and metabolism 
is concerned. Now we have to ask why is it that elemental diets are not 
beneficial. There are two potential explanations for this phenomenon: 
first that these diets may not contain glutamine, and second that they 
do not contain bulk or fiber. 

Recently we found that fiber-free elemental diets cause mucosal atro- 
phy, loss of intestinal barrier function, and bacterial translocation. How- 
ever, by adding fiber to these elemental diets, we can preserve intestinal 
barrier functiona and prevent bacterial translocation, even though mu- 
cosal atrophy is not reversed. The work presented today by Dr. Townsend 
offers one explanation for why fiber works because fiber-containing diets 
induce higher levels of intestinal hormone release than fiber-free diets. 

With this background, I would like to ask the following question. Do 
you believe that there is a direct relationship between intestinal barrier 
function and intestinal atrophy? Because we have not found a direct 
relationship between mucosal mass and barrier function, I wonder 
whether one can extrapolate measurements of mucosal protein or DNA 
to function. m 


DR. B. M. EVERS (Closing discussion): Dr. Fischer, you asked whether 
we have studied the effects of the pancreatic polypeptide family of hor- 
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mones on gut mucosal growth. Investigators in our laboratory have stud- 
ied the effects of both pancreatic polypeptide and peptide YY admin- 
istration. No effect was noted with PP; however a preliminary study 
suggests that PYY, when given at a dose that is equimolar to the effective 
dose of neurotensin, can stimulate mucosal growth of the distal small 
bowel and colon of mice. We are presently evaluating possible mecha- 
nisms of action. 

Dr. Williams, you asked why mucosal growth in the ileum was greater 
after intestinal bypass compared to the ileum in the intact gut. Previous 
studies have demonstrated that the ileum, during periods of mucosal 
atrophy, is very sensitive to pancreaticobiliary secretions and growth is 
stimulated when these secretions are specifically diverted to this segment. 
Our current hypothesis is that the increases in ileal growth that have 
been noted after both bypass and administration of neurotensin are in- 
directly mediated by an increase in pancreatic exocrine secretions and 
are not due to a direct effect of neurotensin. 

Dr. Kellum, you asked about the palatibility of the elemental diet 
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preparation. The elemental diet was given as the sole source of food and 
liquid, and after a 1- to 2-day adaptation period, the rats readily took 
the diet, consuming approximatlely 60 to 70 calories a day. 

Dr. Copeland, when you were at the University of Texas at Houston, 
you and your colleagues provided important information about gastrin 
and gut growth, and we appreciate your comments on our present study. 
We found no histologic differences in the small bowel of rats treated 
with pentagrastrin compared to controls. This was consistent with our 
findings that mucosal weight and biochemical growth parameters were 
unchanged. 

You also asked about the effects of bulk. We think that the whole 
issue of bulk and gut growth is interesting. It appears that bulk has its 
greatest effect on the colon, and we are studying its effects on small bowel 
growth. 

Finally, Dr. Deitch, you asked about the atrophy and overall gut func- 
tion. We have not addressed this question specifically, but hope to do 
so in the future. 
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The management of retained missiles in the heart is still con- 
troversial. In an attempt to define the issue more clearly, the 
reported cases in the English literature from 1940 to 1988 (group 
1) and our experience from 1968 to 1988 (group 2) were reviewed. 
In group 1 there were 222 missiles retained in the hearts of 201 
patients. The retained missiles were 45 bullets in 45 patients, 
109 shrapnel in 99 patients, 18 pellets in 7 patients, and 50 
unidentified missiles in 50 patients. Thirteen of the missiles were 
completely embedded intramyocardial missiles, 122 were par- 
tially intramyocardial, 47 were free in a cardiac chamber, and 
40 were intrapericardial. One hundred four of the missiles were 
removed and 118 were left in place. In group 2 there were 24 
missiles, 18 bullets, 1 bullet fragment, and 5 pellets retained in 
the hearts of 24 patients. Ten missiles were removed, no attempt 
was made in 13 patients, and an unsuccessful attempt was made 
to remove one other. From group 1 patients, 6 died, 2 with in- 
tracavitary missiles, 3 patients with partially intramyocardial, 
and 1 patient with an intrapericardial missile, all of whom had 
either unsuccessful or no attempt to remove the missile. Twenty- 
seven patients had symptoms, all of whom, except two, had either 
unsuccessful or no attempt to remove the missile. All group 2 
patients did well and had been free of symptoms related to the 
missiles. This review suggests that the management of missiles 
in the heart should be individualized according to the patient’s 
clinical course, the site, shape, and size of the missile, and that 
in selected patients missiles in the heart are tolerated well. 


HE MANAGEMENT OF retained missiles in the 
heart and pericardium is still controversial.!~>’ 
This may be due to the limited number of patients 
seen by each investigator, to the different chronologic pe- 
riod that the patients were treated and followed, and finally 
to the difference of the retained missiles (bullets, shrapnel, 
or pellets, and so on). To more clearly define the man- 
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agement of cardiac missiles, the reported cases in the En- 
glish literature from 1940 to 1988 and our experiences 
from 1968 to 1988 with such foreign bodies were reviewed. 


Materials and Methods 


For the purpose of the study, missiles were defined as 
bullets, pellets, and shrapnel secondary to bullets, mortars, 
and grenades or mines. Unidentified missiles included 
those that, from the published information, could not be 
further differentiated. The results from the treatment of 
the retained missiles were analyzed according to the type 
and the site of the missile and according to the type of 
management. 

The retained missiles in the heart were divided into two 
groups. Group 1 includes all reported cases from 1940 to 
1988 that we could find from the search of the English 
literature and group 2 consists of all cardiac missiles seen 
at Grady Memorial Hospital from 1968 to 1988. 

In group 1 there were 222 missiles retained in the heart 
in 201 patients.'-°° Several patients had more than one 


‘missile in the heart or pericardium, including one who 
. had 11 pellets. 


In 174 patients the retained missile resulted from a di- 
rect injury to the heart or pericardium and in 27 from 
injury to a vein with subsequent embolization to the heart. 
In 22 patients a systemic vein was injured and the missile 
migrated to the right atrium or ventricle. In one patient 
a pulmonary vein was injured and the missile moved to 
the left ventricle, and in four patients the site of missile 
entry into the circulatory system was not identified. 

There were 45 bullets retained in 45 patients, 109 
shrapnel in 99 patients, 18 pellets in 7 patients, and 50 
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TABLE 1. Sites and Management of Group I Cardiac Bullets 


Sites (No.) Removed 
Intramyocardial (2) ~ 
Partial Intramyocardial 
Known location (15) 3 (LV) 
Unknown location (2) ~ 
Intracavitary 
Known location (21) 
Unknown location (2) 
Intrapericardial (3) 3 


Total (45) 27 


16 (RV), 2 (LV), 1 (RA) 
2 


Bullets 


Attempted to 


Remove No Attempt to Remove 


1 (S) . 1 (RV) 


1 (S), 1 (RA) 4 (RV), 3 (LV), 2 ($), 1 (RA) 
l l 


ua 1 (RV), 1 (LV) 


4 14 


RA, right atrium; RV, right ventricle; S, ventricular septum; LA, left atrium; LV, left ventricle. 


unidentified missiles in 50 patients (Tables 1 to 4). Two 
of the retained bullets were completely embedded in the 
myocardium (1 in the right ventricular and 1 in the septal, 
17 were partially embedded in the myocardium, (6 in the 
left ventricular, 4 in right ventricular, 3 in the septal, and 
2 in the right atrial myocardium; in 2 the exact location 
was not described), 23 were in a cardiac zavity (17 in the 


right ventricular, 3 in the left ventricular, and | in the. 


right atrial cavity; in 2 the cavity in which the bullet resided 


was not specified), and 3 bullets resided in the pericardial — 


space (Table 1). 

Ten shrapnel were described to be completely embed- 
ded in the myocardium (5 in the right and 3 in the left 
ventricular myocardium, and 2 in the septum), 81 partially 
embedded in the myocardium (22 in the right ventricle, 
22 in the left ventricle, 8 in the.right atrium, 3 in the left 
atrium, and 6 in the septum; the exact site for 20 shrapnel 
was not described), 7 were in a cardiac cavity (6 in the 
right ventricle; in 1 the exact site where the shrapnel re- 
sided was not mentioned), and 11 were in the Se 
or pericardial space (Table 2). 

One of the pellets was completely embedded in the tight 
ventricular myocardium, 4 were partially embedded in 


the myocardium (2 in the left ventricle, | in the right 
ventricle, and 1 in the septum), and 13 pellets were in a 
cardiac chamber (1 in the right ventricular cavity and 7 
in the left ventricular cavity, 1 in the right atrial cavity, 
and 4 in the left atrial cavity) (Table 3). 

Twenty unidentified missiles were partially embedded 
in the myocardium (7 in the right ventricle, 5 in the left 
ventricle, 6 in the right atrium, and 2 in the septum), 4 
were in a cardiac cavity (1 in the left ventricular cavity; 
in 3 the cavity in which the missile resided was not stated), 


- and 26 were in the pericardial space (Table 4). 


Twenty-seven of the retained bullets were removed, 4 
had unsuccessful attempts to remove them, and in 14 no 
attempt at removal was made (Table 1). Twenty-two re- 
tained shrapnel were removed, 16 had unsuccessful at- 
tempts to remove them, and in 71 no attempt to remove 
them was made (Table 2). Fourteen of the pellets were 
removed and 4 were left undisturbed (Table 3), while 41 
of the unidentified missiles were removed and 9 were left 


undisturbed (Table 4). 


Therefore from the 222 retained missiles in group | 
patients, 104 were removed. Fourteen were removed in 
4 patients during emergent thoracotomy up to 2 days after 


TABLE 2. Sites and Management of Group J Shrapnel 


Sites (No.) Removed 
Intramyocardial (10) — 
Partial Intramyocardial 


Known location (61) 5 (RV), 3 (LV), 2 (S), 


1 (LA), 1 (RA) 
Unknown location (20) — 
Intracavitary 
Known location (6) 4 (RV) 


Unknown location (1) — 
Intrapericardial (11) 6 


Total (109) 22 


Shrapnel 
Attempted to Remove No Attempt to Remove 
= 3 (LV), 2 (S), 5 (RV) 


2 (RV), 6 (LV), 2 (S), I (LA) 15 (RV), 13 (LV), 2 (S), 


7 (RA), 1 (LA) 
4 16 
= 2 (RV) 
ao i 
i 4 
16 71 


RA, right atrium; RV, right ventricle; S, ventricular septum; LA, left atrium; LV, left ventricle. 
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TABLE 3. Sites and Management of Group 1 Pellets 


Pellets 
No Attempt to 
Sites (No.) Removed Remove 
Intramyocardial (1) — 1 (RV) 
Partia! Intramyocardial (4) 1 (S) 1 (RV), 2 (LV) 
Intracavitary (13) 1 (RV), 1 (RA), — 
4 (LA), 7 (LV) 

Total (18) 14 4 


RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle. 


injury for the treatment of cardiac or thoracic wounds, 8 
during urgent thoracotomy up to 2 days after injury (6 
to prevent complications and 2 tor arrhythmias), and | 
during nght ventricular catheterization 2 days after injury. 
Thirty missiles were removed later than 2 days after injury 
because of pericarditis in 4, complaints of pain in 5, local 


infection in 3, cardiac neurosis in 1, and required oper- 


ation for associated thoracic injuries in 2. In 15 others no 
reason for removal was given except for their presence in 
the heart. The time of removal of 51 other missiles was 
not specified. Of these missiles 29 were removed solely 
because of their presence in the heart, 1 each because of 
arrhythmia, pericarditis, stroke from a clot embolus, en- 
docarditis, and pain. In 17 patients the rational for re- 
moval of the missile was not reported. 

An attempt was made to remove 20 missiles, but 1t was 
unsuccessful because of inability to find or retrieve the 
missile in 12, intraoperative instability in 3, intramyo- 
cardial or encapsulated position of the missile in 3; in 2 
the reason for the unsuccessful attempt was not stated. 
The reasons for the attempt to remove these missiles was 
because of required operation for thoracic injury in 8, 
solely because of the presence of the cardiac missiles in 
l, cardiac neurosis in | other; in 10 the reason for the 
attempt to remove the missile was not stated. 

No attempt was made to remove the other 98 missiles, 
including 3 in which emergency thoracotomy was per- 


TABLE 4. Sites and Management of Unidentified Group I Missiles 


Unidentified Missiles 


No Attempt to 
Sites (No.) Removed Remove 
Partial Intramyocardial (20) 5 (RV), 3 (LV), 2 (RY), 2 (LV), 
3 (RA), I (S)* 1 (S), 3 (RA) 
Intracavitary 
Known location (1) — I (LV) 
Unknown location (3) 3 — 
Intrapericardial (26) 26 — 
Total (50) 4l 9 


RA, right atrium; RY, right ventricle; S, ventricular septum; $*, atrial 
septum; LV, left ventricle. . 
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formed for a thoracic injury but the presence of the re- 
tained cardiac missile was not known at operation. Of the 
remaining 95 missiles, 17 were not removed because of 
their small size, 12 because of their intramyocardial lo- 
cation, | because of its inaccessible location, 10 because 
of lack of symptoms, 2 because the diagnosis was not 
made before death, 1 due to a late diagnosis of the retained 
missile, 1 because surgery was contraindicated for other 
reasons; in 51 no reasons were reported. 

Group 2 consists of 24 missiles in 24 patients.” In 22 
of them the retained missile was a result of direct trauma 
to the heart, while in two patients it resulted from injury 
to a systemic vein with subsequent migration to the heart. 
The retained missiles included 18 bullets, 0.38 caliber or 
smaller, | bullet fragment, and 5 pellets (Table 5). 

Fifteen of the missiles were located within the heart 
and nine within the pericardial sac. Five of the missiles 
located in the heart were completely intracavitary. Three 
of them resulted from a direct cardiac injury (one from 
injury of the right inferior pulmonary vein at the junction 
to the left atrium) and the two others migrated to the right 
ventricle after injury to an iliac vein. Of the 15 heart mis- 
siles, 7 were located in the right heart, 6 in the left, and 
2 within the septum. 

In three patients the missile was removed because it 
was accessible at the time of emergent exploratory tho- 
racotomy for cardiac tamponade or bleeding, while in 
seven patients it was removed electively to prevent possible 
future complications including pericarditis, missile em- 
bolization, clot embolization, endocarditis, or erosion of 
blood vessels. In another patient operated on electively 
with the use of cardiopulmonary bypass, the missile could 
not be removed safely. In no case was an operation per- 
formed specifically to remove the retained missile because 
of symptoms related to the missile. 

Ten of the 14 missiles left in the heart were completely 
embedded in the myocardium (2 in the left, 6 in the right, 
and 2 in the ventricular septum), 2 were trapped in the 
right ventricular trabeculations, and 2 resided in the peri- 
cardial space (Table 5). The reasons for not attempting 
to remove these missiles are as follows: (1) the patients 
did not want to be operated on, (2) the missile could not 
be safely removed, or (3) it was believed to be safe to leave 
the missile in place. 


TABLE 5. Group 2 Missiles and Their Management 


No Attempt Unsuccessful 
Missile Removed to Remove Attempt to Remove 
Bullet 9 8 f 
Shrapnel l 0 0 
Pellets 0 5 0 
Total 10 13 l 


TABLE 6. Preoperative and Postoperative Symptoms in Preoperative 
Group I Symptomatic Patients who Were Operated on 
Electively to Remove the Missile 


Number of Petients ` 


Symptoms Preoperative Postoperative 
Pericarditis 6 — 
Chest Pain 5: 1 
Infection 5 — 
Arrhythmia 3 — 
Neurosis 2o. — 
CVA I l 
Total 22 2 


One patient with cardiac neurosis died during operation and in 4 
patients (2 with pericarditis, | with chest pain, anc 1 with arrhythmia) 
the postoperative status was not stated. 


Thus of the 222 cardiac missiles in 201 2roup | patients, 
104 were removed from 94 patients and in the remaining 
118 missiles in 107 patients either an attempt or no at- 
tempt was made to remove them. Of the 24 missiles in 
24 group 2 patients, 10 were removed and 14 were left in 
place. The mean follow-up time for the group | patients 
who had extraction of the missile was 24.3 months (range, 
74 hours to 22 years; n =.29) and for those who had 
unsuccessful or no attempt to remove them it was 195 
months (range, 4 hours to 52 years; n = 64). The mean 
follow-up time for group 2 patients with the missile left 
in the heart was 5 years (range, 2 months to 15 years) and 
for those with the missile removed it was 4 years (range, 
2 months to 17 years). 


— 


Results 


Twenty-two of 112 patients who had extraction or at- 
tempted extraction of the missile from their heart had 
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preoperative symptoms (Table 6). Six had pericarditis, 5 
chest pain, 5 infection, 3 arrhythmia, 2 cardiac neurosis, 
and | patient had a cerebral vascular accident. Two pa- 
tients, one who had chest pain and one who had a cerebral 
vascular accident, continued to have symptoms after the 
cardiac missile was removed. The status of the symptoms 
after removal of the missile in four patients was not stated 
and the remaining 16 patients had no symptoms (Ta- 
ble 6). 

Of the 45 bullets in the heart, one patient with a left 
ventricular intracavitary bullet in whom no attempt to 
remove the bullet was made died on the 49th day after 
injury from a cerebral vascular accident. Five patients 
had symptoms; 2 had pericarditis, 1 had chest pain, 1 
cardiac neurosis, and 1 patient with a bullet in the left 
ventricular chamber suffered cerebral vascular accident 
presumably from a blood clot embolus. In all five patients 
no attempt to remove the bullets was made. One patient 
who underwent unsuccessful attempt to remove an intra- 
myocardial missile developed a right coronary artery to 
right ventricle fistula. Thirty-five bullets caused no symp- 
toms and the status of the remaining three bullets was 
not stated (Table 7). . 

From the 109 shrapnel in 99 patients there were 5 
deaths. In two an unsuccessful attempt and in three no 
attempt was made to remove the shrapnel. One death was 
sudden, presumably from arrhythmia, | from septic em- 


_boli in a patient with a partial intramyocardial shrapnel, 


| again from sepsis in a patient with partial intramyocar- 
dial shrapnel in right ventricle, 1 from perioperative hem- 
orrhage during unsuccessful attempt to remove shrapnel 
from the ventricular septum, and 1 from pericarditis and 
cardiac tamponade on the 11th postoperative day. Eigh- 
teen patients had symptoms. All had either no attempt 


TABLE 7. Results of Management of Cardiac Group 1 Bullets 


Sites (No.) Management 


I not removed (RV) 


Intramyocardial (2) I unsuccessful attempt (S) 


l 


3 removed (3 LV) 3 
11 not removed 6 (1 UKL, 
Partial Intramyocardial (17) ee 9 RA DEN, LEY 
3 unsuccessful attempt 3 

(1 UKL, I S, | RA) 
21 removed (2 LKL, 18 

2 LV, 16 RV, | RA 
Intracavitary (23) 2 not removed ] 
Intrapericardial (3) 3 removed 3 
Totals (45) 35 


Asymptomatic 


Bullets 
Not Stated Symptomatic Deceased 
— 1 (RCA, RV Fistula) —_ 
LV 3 3 n 
i RA) 1 CP (RV), 2 P (RV), 
1 CN (LV), | CYA (LV) 
3 (1 RV, 2 UKL) — -= 
= = 1 CVA (LV) 
49 days 
3 6 1 


RA, right atrium; RV, right ventricle; S, septum; UKL, unknown location; CVA, cerebral vascular accident; RCA, right coronary artery. 


643 


CARDIAC MISSILES 


Yol. 211 » No. 5 














s ‘syuoned ‘sig 
‘eoudsáp ‘q ‘SISOImU JIPILI ‘NO ‘ured ysayo ‘dO ‘siipseowad ‘q fuonesor umouyun ‘TAN IPPLUIA YA ‘AT UNE YA YI Swunjdas JEMINJUAA ‘S IJOUJUA JUZU ‘AY WNE 1s VY 
ç 1Z SZ 8S 
[4 p p g 9] = dwane jnyjssaonsuf) 
£ 91 SI LE IL = Posousas JON 
I 9 cI Tz = Ppasaoulay (601) SIOL 
Aep doysod — — dury [Nyssooonsun | 
] p əpeuodwe, oerpseo | om S I P2eAOWd] OU p (11) empendre u] 
ai CORR EAR é b paaouial 9 
(TAN I i 
(AX) sisdəs | =a a (TAN TAU DZ ‘AY Z) PAOI jou £ (4) Arepaeoenu] 
= = (AUDI (AY EE (AY p) peaowial p 
(VII ‘SZ 
(AT) di (AT) NOI (SI ‘WTI ‘AY TAT 9 TAN 
(S) Jey uowsy donad | (AA TAT DdOZTH (TIN p) y ‘AA TAT € ‘sid ¢) 9 p) duane [ryssaoonsun ç] 
(AW VI (TAMA L 
(AUT WE) dY (VII ‘Val (18) TeIpres0AwesU] jee 
(AT) snjoquis/oydes | (Va IATH) NOS (AT8 ‘WII ‘ST ‘SZ ‘AU SI ‘AT EI 
(AM) Weep uəppns | (AU) d I (Sid 6) ZI (THN SISI ‘AU IT “Wal p ‘S10 ZZ) SZ “TAN 91) peaoural jou pẹ 
(VII ‘VHT ‘SZ : 
ii doaid ospe (vy) dd | (ATI SAUDE (VII ‘AT Z‘AUE ‘SDB ‘AY S ‘AT £) poaowal z] 
(AUS ‘SZ 
= (Sdi mi CA S ‘SI ‘ATE ‘Sd 9) 6 ‘AT €) p3AOwaI jou 0] (OL) Prpesoduenu] 
posesooq] oyBWIOJTWIAS P2Iv1S ION onewozdwksy jusu eur W CON) SOUS 
jouderys 
joudviys p dnog fo juauaspunpy fo synsay °3 ATAVL 
y y a sS ~ 


SYMBAS AND OTHERS 


644 Ann. Surg. + May 1990 
¢ TABLE 9. Results of Management of Group I Cardiac Pellets 
Pellets 
Sites (No.) Management Asymptomatic Not Stated Symptomatic Deceased 
Intramyocardial (1) 1 not removed => A e 
(1 RV) 
. | removed (1 S) — ane io 
Partial Intramyocardial (4) 3 not removed i (LV) — 2 arrhythmia — 
(2 LV, 1 RV) (LV & RV) (1 pt) 
13 removed 13 (3 pts) — en ae 
Intracavitary (13) (7 LV, 1 RY, ae na ag 
RA, 4 LA) 
Total (18) Removed 14 = a 
Not removed 4 ~ I6 2 


RA, right atrium; S, ventricular septum; LA, left atrium; LV, left ventricle; RV, right ventricle; Pts, patients. 


or an unsuccessful attempt to remove the shrapnel, except 
one patient who had preoperative nonspecific chest pain 
also had pain after operation and successful removal of 
the missile (Table 8). 

None of the 18 cardiac pellets in 7 patients caused death. 
Only one patient with two partially intramyocardial pel- 
lets, one in the left and another in the right ventricle, 
developed late arrhythmia (Table 9). 

No deaths occurred in the category of the unidentified 
missiles. One patient in whom there had been no attempt 
to remove a left ventricular missile had a cerebral vascular 
accident. One patient with a partially intramyocardial 
missile in the atrial septum developed a cerebral vascular 
accident before removal of the missile (Table 10). 

Considering the effects of the site of the missile on the 
outcome of its management, there were no deaths from 
the 13 intramyocardial missiles and only two patients had 
symptoms. One patient in whom the missile was removed 
developed pericarditis and one who had an unsuccessful 
attempt to remove the intramyocardial missile developed 


coronary artery to right ventricle fistula (Table 11). Of 
the 122 partial intramyocardial missiles, 3 patients died, 
2 from those in whom no attempt to remove the missile 
was made. Of those 3, 1 died suddenly, | from sepsis, and 
1 who had an unsuccessful attempt at removal died from 
perioperative hemorrhage. Twenty-five patients were 
symptomatic, 2 patients from whom the missile was re- 
moved, 19 who had no attempt to remove the missile, 
and 4 with unsuccessful attempted removal (Table 11). 
Of the 47 patients with intracavitary missiles, two died. 
In both no attempt to remove the missile was made. One 
death resulted from a cerebral vascular accident and one 
from sepsis. One other patient also sustained a cerebral 
vascular accident. Of the 40 intrapericardial missiles, there 
was one death from cardiac tamponade, which occurred 
on day 11 after injury and an unsuccessful attempt to 
remove the shrapnel. Three patients had symptoms, one 
chest pain and two pericarditis. None had an attempt to 
remove the missile. Two late deaths unrelated to the re- 
tained cardiac missile occurred in group 1, one due to 


TABLE 10. Results of Management of Group I Unidentified Cardiac Missiles 


Unidentified Missiles 


Sites (No.) Management Asymptomatic Not Stated Symptomatic Deceased 
* 
12 removed (3 LV, 2 (1 LV, I RA) 9 (2 LV, 2 RA, l ea - ) _ 
. f 3 RA, 5 RV, 1 S*) 5 RV) 
Partial Intramyocardial (20) 8 not removed (2 LY, g ee B n 
2 RY, 3 RA, 15) 

. 3 removed (3 UKL) 3 $ = ae J= 
Intracavitary (4) 1 not removeé (1 LV) ss 1 CVA (LV) te 
Intrapericardial (26) 26 removed — 26 — — 
Total (50) Removed 41 13 35 2 — 


Not removed 9 


- RA, right atrium; RV, right ventricle; S, ventricular septum; S*, atrial 


septum; LA, left atrium; LV, left ventricle; CVA, cerebral vascular ac- 
cident. 
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TABLE 11. Results of Management of Intramyocardial, Partial Intramyocardial, Intracavitary, and Intrapericardial Group 1 Missiles 


Site Management - Asymptomatic Not Stated Symptomatic Deceased 
Intram yocardial No attempt 12 If 0 Ip 0 
Unsuccessful attempt | 0 0 1 CA > RV 0 
f Fistula 
Total 13 li 0 0 
2 
Partial Intramyocardial Removed 28 14 12 2 (1 pre op 0 
: l CVA) 2 (1 RV sudden, 1 LV, 
sepsis) 
No attempt 76 40 {5 19 1 (S periop hemorrhage) 
3 
Unsuccessful attempt 18 9 4 4 
Total 122 63 31 25 
Intracavitary Removed 41 37 4 0 0 
No attempt 6 3 0 1 (CVA) 1 B(LV CVA) 
1 SH (CRY sepsis) 
Total 47 40 4 I 2 
Intrapericardial Removed 35 7 28 0 0 
Not removed 4 l 0 3 (1 CP, 2 P) 0 
Unsuccessful attempt | 0 0 0 1 SH (P-Card. 
Tamponade 1 ith 
postop day) 
Total 40 8 28 3 I 


_ RV, right ventricle; LV, left ventricle: S, septum; CA, coronary artery; 


cirrhosis 8 years after injury and one due to uremia 30 
years after injury (Table 11). 

Of group 2 patients none died as a result of the cardiac 
missile. One who underwent removal of the missile de- 
veloped postoperative pericarditis and one died 19 months 
after the injury from alcoholic cardiomyopathy. 


Discussion 


Cardiac missiles may remain in the heart after its direct 
injury or after an injury to a systemic or pulmonary vein 
with subsequent embolization into a right or left ventric- 
ular chamber, respectively. The retained missile in the 
heart secondary to direct injury may be partially or com- 
pletely embedded in the myocardium, it may be free in 
a cardiac chamber or in the pericardial space, or it may 
lie next to the pulmonary artery or aorta. The missiles 
that reach the heart after a venous injury may stay tem- 
porarily free in a cardiac chamber and/or become en- 
trapped in the endocardial trabeculations. Missiles free in 
the left cardiac chamber usually are propelled into a sys- 
temic artery during the early period after injury.°8 Missiles 
in the right cardiac chambers may either embolize into a 
pulmonary artery? or venous system or they may be en- 
trapped in endocardial trabeculations and become en- 
cysted with fibrous tissue.© 

The clinica] manifestations of a retained missile in the 
heart immediately after the injury are those produced by 
the cardiac wound (i.e., cardiac tamponade and/or intra- 
thoracic bleeding). Sometimes, when a valve or the ven- 


B, bullet; SH, shrapnel; P, pericarditis; CVA, cerebral vascular accident; 
CP, chest pain. 


tricular septum has been injured, symptoms of valvular 
incompetence, intracardiac shunt, or conduction defects 
may be present or the patient may be free of symptoms. 

Various late clinical manifestations of retained missiles 
of the heart have been described. Signs and symptoms of 
systemic or pulmonary embolization of the missile 
or thrombi, of bacterial endocarditis,!°?2°! or of peri- 
carditis?! and neurotic manifestations of various degrees 
and character have been reported. !!° 

The late clinical manifestations of missiles 1n the heart 
are dependent on the site, type, and size of the missiles. 
Patients with the missiles completely embedded the myo- 
cardium usually are free of symptoms, '®!822.2429: Indeed 
of 23 patients from groups 1 and 2 with missiles com- 
pletely in the myocardium none died. Only one patient 
developed pericarditis and one had a coronary artery to 
right ventricle fistula. Patients with a missile in the peri- 
cardium or pericardial space may develop pericarditis.?!°° 
Of groups | and 2, 3 of 4 patients in whom shrapnel was 
not removed had chest pain or pericarditis and | patient 
who underwent unsuccessful attempt to remove shrapnel 
developed what seemed to be pericarditis with cardiac 
tamponade and died on the 11 days after operation. Al- 
though the experience is small, the two patients from 
group 2 (there were none in group 1) with bullets that 
were not removed from the pericardium, however, had 
no symptoms or complications. 

The missiles that are free in the cardiac cavity or par- 
tially protruding into the cavity may produce symptoms 
of embolization of the missile or thrombi or of bacterial 


646 


` endocarditis. Of group 1 patients with an intracav- 
itary missile, 2 died, both in whom the missile was not 
removed; | patient with a bullet in the left ventricle died 
from a cerebral vascular accident and 1 with shrapnel in 
the right ventricle died from sepsis. 

Of 86 patients with 94 missiles partially embedded in 
the myocardium, in whom either no attempt or unsuc- 
cessful attempt to remove them was made, 3 patients died. 
One patient with a missile in the right ventricle died sud- 
denly, perhaps from arrhythmia, and one with a missile 
in the septum died from sepsis. One patient with a missile 
in the septum who had an unsuccessful attempt to remove 
the missile died perioperatively from hemorrhage. In ad- 
dition 23 patients had symptoms. 

Although our patients were not asked any specific 
questions to uncover neurotic manifestations, nor was any 
psychological testing done, no group 2 patients in the fol- 
low-up period described to any examining physician any 
specific neurotic symptoms related to the retained missile. 
Of group | patients, 6, all from those in whom the missile 
was left in the heart, had neurotic manifestations. 

In general the results of the management of group 2 
patients were better than those of group |. This may be 
due to the fact that all missiles in the heart in group 2 
patients were smaller with smoother edges, the injury oc- 
curred in civilian life, and the period that they were treated 
was during the most recent 20 years. Whereas in group | 
patients the majority of cardiac missiles were in military 
personnel during war-time conditions, the missiles in 
general were of larger size with irregular margins, and the 
majority of the patients were treated during the early 1950s 
and 1960s. 

The review of the cases reported in the English literature 
and of our personal experience suggest that the manage- 
ment of cardiac missiles should be individualized. Missiles 
completely embedded in the myocardium or in the peri- 
cardium and pericardial space are tolerated well and they 
may be left in place. However shrapnel, other than those 
completely embedded in the myocardium, should be re- 
moved. Intracavitary or partially embedded missiles in 
the myocardium, particularly those in the left side of the 
heart seen during the early postinjury period, should be 
_ removed. However patients with intracavitary missiles on 
the right side of the heart, except for those in whom the 
missile has embolized to the heart after first traversing an 
intestinal viscus, may be observed in anticipation of their 
embolization in the pulmonary artery, from which they 
can be removed. Patients with intracavitary or partially 
embedded missiles in the myocardium seen late may have 
cardiography initially to determine whether the missiles 
are completely encapsulated, and if such has occurred the 
patient may be followed. Symptomatic missiles, especially 

those manifesting with sepsis, or large missiles, particularly 
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with irregular margins, and missiles located next to an 
artery should be removed. 
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DISCUSSION 


Dr. WATTS R. WEBB (New Orleans, Louisiana): We are indebted to 
Dr. Symbas and his associates for their manuscript and the definitive 
data on intracardiac and cardiac injuries. 

In their 20 years’ experience they saw about one case per year. That 
is about what we see, and it is nice to have this total data accumulated 
so we can get some actual idea of what goes on, and thereby have some 
true data on which to base our therapy. 

We do much as they do. We ignore pellets unless they are seen at the 
time we have to operate for other reasons. 

Our own experience with shrapnel might be considered that of two 
cases, one a bit of barbwire thrown by a lawn mower and the other a 
coat hanger that extended into the heart. We operated to remove the 
hanger, although it extended outside and required nothing but very simple 
extraction, as with a tooth. 

The bullets, we agree, should be extracted, particularly if they are 
intracavitary. We do not wait for them to embolize. If they are on the 
right side, we go ahead and cardiopulmonary bypass and it is very simple, 
of course, to retrieve them. 

Let me give you one illustration of a bad experience. The woman had 
a bullet embolized to the left lung. We turned her in the right lateral 
position to remove the embolus from the left lung, and as we did, the 
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bullet fell into the right lung. I encourage you, if you turn a patient on 
his or her side, be sure that you get a cross table lateral before you make 
an incision on the upside. . 

The missiles protruding into the myocardium or the chambers seem 
to be the most difficult, and I would like to ask Dr. Symbas how he 
handles those. 7 

We use echo extensively. We have not found that injection of contrast 
gives us any information at all. The CT scan has so much scatter that it 
is very difficult to know what is going on. What are your indications for 
operation and timing in this particular group? 

Pericarditis resulting from missiles in the pericardium is also a problem. 
However the pericarditis and development of tamponade can be observed 
and followed and you can detect it and take care of it very easily, as long 
as you follow them by frequent echos. This problem is usually over in 
about 2 weeks. 

The cardiac neurosis is interesting and this has been addressed in the 
literature. We have not seen it, and I think it relates primarily to trans- 
mission to the patient of the doctor’s neurosis rather than anything in- 
trinsic to the patient. 


Dr. A. L. PICONE (Closing discussion): In answer to Dr. Webb’s ques- 
tions, the main methodology for evaluating the patients in our series was 
angiocardiography. 

In terms of the timing for operation in these patients, obviously, in 
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the early postinjury period they were operated on for their acute symp- 
toms. That is a difficult question to answer in terms of timing, except 
for the acute patients. | 

I would like to expound a bit on the analysis of our data, and if I 
could have the first discussion slide, please, and the lights down. 

A further insight into the management of cardiac missles can be gained 
by analyzing the results of the nonintramyocardial missiles based on 
whether they are located in the circulatory right or left side of the heart. 
One hundred thirteen patients in the combined Grady Memorial and 
literature review series had retained missiles that were not completely 
intramyocardial or, in other words, were either located completely in- 
tracavitary or partially intramyocardial. These patients were subgrouped 
into those with bullets, shrapnel, or undefined missiles. 

The group of patients with right-side retained bullets formed the only 
subgroup with no major complications. In 12 patients with left-sided 
bullets there were two strokes, one resulting in death. 

Of the shrapnel subgroup, major complications of sepsis and death 
occurred in instances of either right- or left-sided retained missiles. Again, 
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in the undefined missil2 subgroup, one case of endocarditis from a retained 
right-sided missile and two nonfatal strokes from retained left-sided mis- 
siles occurred. 

In the total group of 76 patients with retained right-sided missiles 
there was a 20% rate of minor complications as compared to a 27% rate 
for 37 patients with retained left-sided missiles which was not significantly 
different. 

However, when we looked at the rate of major complications, on the 
right side there is a 4% rate of major complications, including the deaths, 
and on the left side is a 16% rate of complications, including the two 
deaths. This was significantly different at p is less than 0.025. 

We conclude that although it appears that all left-sided missiles should 
be removed and right-sided missiles might be retained, we must remember 
that it was only the retained right-sided bullet subgroup that had no 
major complications. Therefore bullets retained in this position must be 
left in place if the bullet has not reached the heart, having first traversed 
the intestinal viscus. All other noncompletely intramyocardial missiles 
should be removed. 


21A 


Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which considers 
for publication original articles in the field of surgery. It ts the 
oldest continuously published journal in the English language 
solely devoted to the surgical sciences. The Editorial Board con- 
siders only papers judged to offer significant contributions to 
the advancement of surgical knowledge. 

CONTRIBUTIONS. Four typed copies of the manuscript and 
four copies of the illustrations should be sent prepaid to the 
Chairman of the Editorial Board of Annals of Surgery. 


David C. Sabiston, Jr., M.D. 

' Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Annals of Surgery has joined a number of other leading Med- 
ical Journals which endorse the “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals.” These Re- 
quirements were established by an agreement among a number 
of Editors of Clinical Journals in the United States, Canada and 
the United Kingdom. The Criteria for preparation of manuscripts 
are as follows: 


SUMMARY OF REQUIREMENTS $ 


Type manuscript double spaced, inciuding title page, abstract, 
text, acknowledgments, references, tables, and legends. 

Each manuscript component should begin on a new page, in 
this sequence: 

Title page 

Abstract and key words 

Text 

Acknowledgments 

References 

Tables: each table, complete with title and footnotes, on a 

separate page 

Legends for illustrations 

Illustrations must be good quality, unmounted glossy prints 
usually 12.7 by 17.3 cm (5 by 7 in.) but no larger than 20.3 by 
25.4 cm (8 by 10 in.). 

Submit the required number of copies of manuscript and fig- 
ures (see journal’s instructions) in heavy-paper envelope. Sub- 
mitted manuscript should be accompanied by covering letter, 
as described under “Submission of Manuscripts,” and permis- 
sions to reproduce previously published materials or to use il- 
lustrations that may identify subjects. 

Follow journal’s instructions for transfer of copyright. 

Authors should keep copies of everything submitted. 


PREPARATION OF MANUSCRIPT 


Type manuscript on white bond paper, 20.3 by 26.7 cm or 
21.6 by 27.9 cm (8 by 10% in. or 8% by 11 in.) or ISO A4 (212 
by 297 mm) with margins of at least 2.5 cm (1 in.). Use double 
spacing throughout, including title page. abstract, text, acknowl- 
edgments, references, tables, and legends for illustrations. Begin 
each of the following sections on separate pages: title page, ab- 
stract and key words, text, acknowledgments, references, indi- 


vidual tables, and legends. Number pages consecutively, begin- 
ning with the title page. Type the page number in the upper 
right-hand corner of each page. 

Manuscripts will be reviewed for possible publication with 
the understanding that they are being submitted to one journal 
at a time and have not been published, simultaneously submitted, 
or already accepted for publication elsewhere. This does not 
preclude consideration of a manuscript that has been rejected 
by another journal or of a complete report that follows publi- 
cation of preliminary findings elsewhere, usually in the form of 
an abstract. Copies of any possibly duplicative published material 
should be submitted with the manuscript that is being sent for 
consideration. 


TITLE PAGE 

The title page should contain [1] the title of the article, which 
should be concise but informative; [2] a short running head or 
footline of no more than 40 characters (count letters and spaces) 
placed at the foot of the title page and identified; [3] first name, 
middle initial, and last name of each author, with highest aca- 
demic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence 
about the manuscript; [7] name and address of author to whom 
requests for reprints should be addressed, or statement that re- 
prints will not be available from the author; [8] the source(s) of 
support in the form of grants, equipment, drugs, or all of these. 


ABSTRACT AND KEY WORDS 

The second page should carry an abstract of not more than 
150 words. The abstract should state the purposes of the study 
or investigation, basic procedures (study subjects or experimental 
animals and observational and analytic methods), main findings 
(give specific data and their statistical significance, if possible), 
and the principal conclusions. Emphasize new and important 
aspects of the study or observations. Use only approved abbre- 
viations (see list of Commonly Used Approved Abbreviations 
elsewhere in this document). 

Key (indexing) terms: Below the abstract, provide and identify 
as such, three to 10 key words or short phrases that will assist 
indexers in cross-indexing your article and that may be published 
with the abstract. Use terms from the Medical Subject Headings 
list from Index Medicus whenever possible. 


TEXT 

The text of observational and experimental articles is usually— 
but not necessarily—divided into sections with the headings In- 
troduction, Methods, Results, and Discussion. Long articles may 
need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Other types of 
articles such as case reports, reviews, and editorials are likely to 
need other formats, and authors should consult individual jour- 
nals for further guidance. 

Introduction: Clearly state the purpose of the article. Sum- 
marize the rationale for the study or observation. Give only 
strictly pertinent references, and do not review the subject ex- 
tensively. 


CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruting personnel or inter- 
ested in obtaining positions. Display spaces available 
for those desiring greater visibility or more space for 
their message. 


Classified ad copy, like other advertising copy, will 
be reviewed for approval prior to publication. 


Classified Rates: $10.00 per line or fraction of 
line. The average line will be 62 characters. 


Box Numbers: Replies may be directed via Box # 
to J.B. Lippincott Company, at an extra charge per 


insertion cof $6.50 to cover handling cosis in forward- 
irig such replies to the advertiser. 


How to Order: Prepayment not required. Send 
typewritten text copy for the ad to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Kathleen Phelan 
East Washington Square 
Philadelphia, Pa. 19105 
(215) 238-4215 


Deadline: Copy received by the 15th of month will 
run in the second following month’s issue, e.g. 
November 15th for January issue. Ads received after 
the 15th will run in the next available issue. 





ACADEMIC PROGRAM DIRECTOR: General Surgery Resi- 
dency Training Program. MacNeal Hospital, a west suburban 
Chicago teaching hospital, is seeking an Academic Program Director 
to lead its General Surgery Residency Training Program. The 
individual must be board certified in general surgery and a surgical 
subspecialty. The candidate selected. will assume appropriate admi- 
nistrative and teaching responsibilities for the professional and 
scholarly growth of the department; will also actively participate in 
patient care and conduct daily patient rounds with house staff. The 
ideal candidate has national stature in the field of surgery, with a 
demonstrated record of excellence in scholarsh:p, clinical service and 
academic administration. MacNeal Hospital is a 427-bed facility, 
accredited to educate 5 General Surgery Residents in an integrated 
program with the University of Illinois. Academic appointment is 
required, A competitive salary and benefit package is available. 
Candidates should forward a letter of applicacion and CV to: Jerry 
Lee, Vice President, Physician Affairs, MacNeal Hospital, 3249 
S. Oak Park Ave., Berwyn, IL 60402. 


ACADEMIC—TIrauma/Emergency Surgery: Metropolitan 
Nashville General Hospital, a Vanderbilt University affiliate hospital 
seeks a surgeon to direct the Trauma Service. Applicant must have 
an interest in providing attending coverage in the 48,000 visits per 
year Emergency Department, be Board prepared or certified in 
General Surgery and have demonstrated an interest in Emergency 
and Trauma Service care. Position includes academic appointment 
commensurate with experience, excellent benefits, and research 
opportunities. Send inquiry and C.V. to Thom R. Mitchell, M.D., 


Director, Emergency Service, Metropolitan Nashville General | 


Hospital, 72 Hermitage Avenue, Nashville, TN 37210 Metropol- 
itan Nashville General Hospital & Vanderbilt University are Equal 
Opportunity/Afiimative Action Employers. 


ALL SURGICAL SPECIALTIES, North & South Carolina, 
Florida, Delaware, nationwide. Dr. Len Goodman, P.O. Box 
IRTRR Charlatte NC IRIIO0 MA-SR.75I7 





BE/BC GENERAL SURGEON—Alabama—Excellent private 
practice opportunity in growing metropolitan area of 240,000 in 
Huntsville, Ala. We need an associate, university trained, expe- 
rienced and interested in trauma surgery to join two established 
surgeons in the practice of oncologic, vascular, general and trauma 
surgery. Send CV to BO. Box 424, Huntsville, AL 35804-0424. 





BC GENERAL SURGEON—Midsouth: Chief of Surgery, Direct 
7 staff, major abdominal, ambulatory, 187-bed VA Medical Center 
in NW Arkansas. State University sports, cultural events. Lakes and 
mountains. Competitive salary. Benefits include vacation, SL/ 
insurance, retirement, no mal-practice. Contact: Chief of Staff, 501- 
444-5050. 


BC/BE General Surgeon to join surgical service performing a full 
range of general, vascular and non cardiac thoracic surgical 
procedures. Endoscopy experience preferred. Send C.V. to Chief of 
Surgery, Boise VAMC, 500 W. Fort Street, Boise, ID 83702- 
4598. 


BC/BE SURGEON-—Gereral/Vascular experience required. 
Endoscopy and/or thoracic desirable. Multi-specialty clinic. Position 
available 1991. Attractive NE Wisconsin. Abundant outdoor 
activities in family-oriented community. Send CV. David Manke, 
M.D., West Side Clinic, Box 19070, Green Bay, WI 54307. 


CARDIAC SURGEON—University of Nevada School of Medi- ` 
cine at Associate Professor/Professor level. Must be BC in general 
surgery and BC/BE in thoracic surgery and eligible for licensure in 
Nevada. Will be responsible for development of Division of Cardiac 
Surgery and medical education. Interest in clinical and basic 
research/graduate medical education is required. Send letter of 
application, CV and 5 references to Alex G. Little, M.D., 
University of Nevada School of Medicine, 2040 W. Charleston 
#601, Las Vegas, NV 89102. Recruitment will continue until 
position filled. AA/EOE. 


CRITICAL CARE MEDICINE: Positions are available beginning 
July 1, 1991. The length of the training ts 1-2 years depending on 
circumstances. The Adult Interdisciplinary Critical Care Medicine 
Training Program at the University Health Center of Pittsburgh has 
an accredited fellowship in Surgical Critical Care, Interested 
physicians, board eligible or certified in Surgery, please contact: 
Director, Surgical Critical Care Fellowship, Presbyterian-Uni- 
versity Hospital, Room 1311, DeSoto at O'Hara Street, Pitts- 
burgh, PA 15213. The University Health Center of Pittsburgh is an 
Equal Opportunity/Affirmative Action Employer. 


DIRECTOR OF SURGICAL EDUCATION—Michigan State 
University: The Department of Surgery of the College of Human 
Medicine at Michigan State University in collaboration with the 
Kalamazoo Center for Medical Studies (MSU/KCMS) is seeking a 
board certified General Surgeon to direct educational and research 
programs in Kalamazoo, Michigan. The University and MSU/ 
KCMS ‘have begun to draft plans for a new residency training 
program in General Surgery; as such, administrative ability and an 
understanding of community based training programs are highly 
desirable. Based, in part, upon one’s experience and academic 
stature, this position will carry the rank of Associate Professor or 
Professor of Surgery. Compensation and benefits are competitive. A 
letter of interest with one’s vita should be sent to the attention of: 
James M. Harkema, M.D., Associate Professor, Chairman: 
Search and Selection Committee, B-424 Clinical Center, East 
Lansing, MI 48824-1315. MSU is an Affirmative Action/Equal 


QOnnortunitvy Emntover. 


ENGLEWOOD, COLORADO: 320-bed, not-for-profit hospital 
in south suburb of Denver seeking Trauma Surgeons to join busy 
private practice. Should be trained in a Level 1 trauma center. Do 
not require trauma fellowship. 1-2 shifts per week in hospital. Salary 
guarantee based on number of hospital shifts. Looking for a 
“personality person”. Please send CY to SMC, BO. Box 2901, 
Englewood, CO 86150-0101. Attention: Physicians Services. 


FELLOWSHIP IN BREAST DISEASE: The Comprehensive 
Breast Center of the University of Medicine & Dentistry of New 
Jersey-—Robert Wood Johnson Medical School is seeking a board 
certified or board eligible surgeon to jom the Comprehensive Breast 
Center team as a Fellow in Breast Diseases. The Fellow will be 
responsible for clinical research projects and supervision of residents 
on rotation with the breast center, as well as pre-operative, operative 
and post-operative management of all Comprehensive Breast Center 
patients. Qualifications for this position include completion of 
approved general surgery residence. (201) 937-7868. Send C.V. to 
Barbara Rabinowitz, Associate Chief for Program of Division 
of Comprehensive Breast Services, UMDNJ-Robert Wood 
Johnson Medical School, CN 19, New Brunswick, NJ 08903- 
0019. The UMDNJ is an Affirmative Action/Equal Opportunity 
Employer, m/f/b/v, and a member of the University Health System 
of New Jersey. 


Fellowship in cardiovascular surgery for | year available January 
l or July 1 with group doing approximately 1,000 cardiac 
procedures per year and large volume of vascular procedures. ABS 
eligible or certified, Califormia medical license required or readily 
obtainable. Ideal for a person between general surgery residency and 
thoracic surgery residency. Please respond with curriculum vitae to 
Bradley J. Harlan, M.D., 5301 F Street, Suite 312, Sacramento, 
CA 95819. 


Full-time junior academic GI surgeon with experience in endos- 
copy and interest in laser therapy. Position of Assistant Professor of 
Surgery at Boston University School of Medicine, dependent on 
qualifications. Fully competitive compensation package. Reply to: 
Desmond Birkett, MD, University Hospital, 88 E. Newton St., 
Room D5, Boston, MA 02118. 


GENERAL/RENAL TRANSPLANT SURGEON: To join busy 
two man clinical practice, Rocky Mountain Region. Attractive 
financial offer, office completely computerized/automated. Innova- 
tive medical staff attends two hospitals, 750 beds combined; one with 
established Renal Transplant Program. Broad general surgical 
experience, renal transplant training, and academic approach to 
clinical practice a must. Send C.Y. to ANNSB, J.B. "ippincott, East 
Washington Square, Philadelphia, PA 19105. 


GENERAL/VASCULAR SURGEON—BC/BE with fellowship 
in peripheral vascular surgery to join a busy, five-physician surgery 
section in a large multispecialty group practice, Located in attractive 
Bluegrass region of Kentucky. Competitive salary and benefits 
leading to partnership. Send CV to: Martha Riddell, Lexington 
Clinic, 1221 S. Broadway, Lexington, KY 40504, 


NORTH CAROLINA—General Surgeon seeks associate due to 
partner’s retirement. Good opportunity for General Surgeon with 
special interest in Orthopedic Surgery, Great location just outside the 
Raleigh/Durham/Research Triangle area. Send CV to: Janet 
Clayton, AM Care, PO. Box 2816, Durham, NC 27715; or call 
800-477-0600. 





HELENA MONTANA—General Surgeon: BC in General 


. Surgery. Prefer double boarding in General Surgery/Thoracic. VA 


Medical Center, Fort Harrison, Montana, just outside of Helena. No 
overhead costs, excellent benefits: retirement (tax deferred and 
matched options), malpractice, life, and health insurance, liberal 
annual and sick leave. Contact Faust Alvarez, MD, Chief of Staff, 
or Carrie Engle in Personnel, at VA Medical Center, Fort 
Harrison, MT 59636, (406) 442-6410 Ext. 7308 or 7562. VA is 
an equal opportunity employer. 


MAINE: BC/BE general surgeon with vascular training and interest 
to affiliate with highly qualified, 40-member primary care, subspe- 
cialty medical staff and modern hospita! facility located in progres- 
sive northern Maine university community. Competitive income 
guarantee with excellent fringe benefits and complete practice 
management support available in the establishment of practice. 
Please forward C.V. to John Ginty, Jr., The Aroostook Medical 
Center, RO. Box 151, Presque Isle, ME 04769. 


OPPORTUNITY in Orthopedics available for prelim. PGY-2 
Surgical Resident. Extensive experience offered in outpatient and 
inpatient orthopedic surgery. Credit for general surgery for part of 
the year can be arranged by rotations on Surgery. Position offered 
on annual basis beginning 1 July 1990, Contact: Will C. Sealy, 
M.D., Chief of Surg., Med. Ctr. of Central Ga., P.O. Box 6000, 
Macon, GA 31208. 


Physicians needed, all specialties, for permanent employment 
opportunities in VA, WV, MD and states throughout the sunbelt 
through Physician Registry Network (PRN). PRN is a service 
sponsored by SunHealth participating hospitals at no cost or 
obligation to physicians. Please send your CV and geographic 
preferences to: PRN-09 9040 Roswell Road, Suite 720, Atlanta, 
GA 30350, Call 1-800-333-3914. 


SURGICAL HOUSE PHYSICIANS: Wanted three surgeons 
who have completed General Surgery residency, to work at Grady 
Memorial Hospital on a busy surgical teaching service. Big 900 plus 
bed county hospital facility. Pioneering opportunity. Salary nego- 
tiable. For further information, please forward curriculum vitae to: 
Morehouse School or Medicine, Department of Surgery, 35 
Butler Street, S.E., Suite 302, Atlanta, Georgia 30335, Attn: Ms. 
Frances E. Monteiro, Telephone: (404) 222-2610. 


SURGICAL RESEARCHER—the Department of Surgery and 
the Research Institute at The Mary Imogene Bassett Hospital, a 
major teaching affiliate of Columbia Unversity, are seeking a M.D. 
or M.D./Ph.D. to conduct basic surgical research in an area of 
General Surgery. Lab space and initial support provided. Compet- 
itive salary, with a fine benefits package and academic appointment. 
Located in Cooperstown, New York, a rural four-season resort 
village with excellent schools and unusual recreational and cultural 
opportunities. Reply: Michael S. Gold, MD, Surgeon-in-Chief, 
THE MARY IMOGENE BASSETT HOSPITAL, Coopers- 
town, NY 13326. (607) 547-3968 OR Thomas A. Pearson, MD, 
PhD, Director, Research Institute, THE MARY IMOGENE 
BASSETT HOSPITAL, Cooperstown, NY 13326. (607) 547- 
3045. 


TRANSPLANT SURGEON: Growing, private, multispecialty 
group, active in kidney and pancreatic transplantation. Call (202) 
722-0185, Washington, D.C. 


su $ GENERAL/ONCOLOGIC 
SURGEON | 


The Division of General Surgery at Southern 

' Illinois University School of Medicine in 
Springfield, Illinois invites applications for a board 
-certified or board eligible surgical oncologist at 
the Assistant or Associate Professor level in the 
Department of Surgery. 


The qualified candidate will have completed a 
fellowship in surgical oncology, a commitment to 
surgical education and teaching, and the potential 
to develop an independent research program. 


Board certification is preferred. Academic rank 
and salary negotiable, depending su 
applicant’s experience. 


Send curriculum vitae to: 


Alan G. Birtch, M.D. 
Professor and Chairman 
Division of General Surgery 
Southern Illinois University 
School of Medicine 

P.O. Box 19230 
Springfield, IL 62794-9230 


Southern Illinois University is an equal opportunitv/affirmative action employer, 
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TRANSPLANTATION SURGEON and NEPHROLOGIST— 
University of Nevada School of Medicine Departments of Surgery 
and Medicine are seeking full-time assistant/associate professors. 
Must be BE/BC, completed a fellowship in transplantation surgery, 
and transplant nephrology, and eligible for licensure in Nevada. 
Evidence of proficiency and interest in clinical basic research and 
graduate medical education is required. Interested applicants should 
submit letter of application and C.V. to Alex G. Little, M.D., 
University of Nevada School of Medicine, 2040 W. Charleston 
Boulevard, #601, Las Vegas, NV 89102. Recruitment will 
continue until position filled. AA/EOE. 


VASCULAR/GENERAL SURGEON: Immediate opportunity 
for mature, highly-motivated, personable individual with approved 
vascular fellowship (BC/BE certification in vascular surgery) to join 
academically oriented vascular/general surgeon in well established 
practice in the Palm Beach/Florida location. Dedicated non- 
invasive laboratory as part of practice. Must have excellent 
references. Send C.V. to: Box ANNSA, J.B. Lippincott, East 
Washington Square, Phila., PA 19105. 


VIRGINIA—BC/BE General Surgeons sought for affiliation with 
major metropolitan medical center. High interest in Trauma or 
Pediatric Surgery training. Financial guarantees, Coastal location. 
Send CV to: Janet Clayton, AM Care, P.O. Box 2816, Durham, 
NC 27715; or call 800-477-0600. 


VIRGINIA: General/Vascular Surgeon BC/BE with vascular 
experience or fellowship to join three member department in a 52 
physician multispecialty group. The McGuire Clinic offers compet- 
itive salary with excellent benefits. Position available now. Send C.V. 
to: Elaine Mallory, McGuire Clinic, Inc., 7702 Parham Road, 
Richmond, Virginia 23229, (804) 346-1502. 


VIRGINIA/NORTH CAROLINA—BC/BE General and 
General/ Vascular Surgeons for solo and group practices, Financial 


‘guarantees. Locations in the greater Williamsburg/Yorktown/ 


Chesapeake Bay area of Virginia and just outside the Raleigh/ 
Research Triangle area in North Carolina. Send CV to: Janet 
Clayton, AM Care, P.O. Box 2816, Durham, NC 27715; or call 
800-477-0600. 


VOLUNTEER GENERAL SURGEON: International Medical 
Corps, a non-profit organization which provides medical assistance 
and health care training to devastated countries is seeking General 
Surgeons to volunteer their expertise for six months in Peshawar, 
Pakistan. Duties are to retrain local Afghan Physicians and lecture 
in our ongoing medic training program, should time permit. Rocm, 
board, airfare, stipend provided for six mos. commitment. Send c.v. 
to: International Medical Corps, 10880 Wilshire Blvd. Suite 606, 
Los Angeles, CA 90024, Attention: Roz Grace, 213-474-3927. 


WANTED: Board eligible or Board certified general surgeon with 
subspecialty in vascular surgery to join a three man surgical practice 
in Upstate New York. Send C.V. to Surgical Associates, EC., 161 
Riverside Drive, Binghamton, NY 13905. 


WISCONSIN—BC/BE General Surgeon with vascular capabili- 
ties to join active surgery department in 44-physician multispecialty 


. group. Southern Wisconsin college community close to Chicago and 


Milwaukee. Guaranteed salary with incentive plus excellent fringe 
benefits. Please send C.V. to: James E Ruethling, Administrator, 
Beloit Clinic, S.C., 1905 Huebbe Parkway, Beloit, WI 53511, 


Community 
Health Plan 


GENERAL SURGEON 
New York State 
Capital Region 


CHP, a leader in physician managed, prepaid health care 
in the Northeast, is looking for a fifth General Surgeon to 
join a well-established surgery department at our multi- 
specialty center near Albany, New York. 


Our surgeons are universally trained, board certified 
physicians who joined CHP because they value 


* having a referral practice with autonomy in manag- 
ing the clinical decisions; 


working with a team of well trained colleagues with 
whom they discuss Clinical issues rather than reim- 
bursement problems; 


quality cross coverage and built-in time off for a 
personal, family life; 

living in the Capital Region which offers multiple 
cultural, educational and recreational opportunities 
with easy access to Boston, Manhattan and 
Montreal. 


For more information please contact: 


Mary Brand 
Physician Recruiter 
Community Health Plan 
1201 Troy-Schenectady Road 
Latham, New York 12110 
800/544-4435 


KAISER PERMANENTE 


GENERAL SURGEON 
WHITE PLAINS AREA 


Northeast Permanente Medical Group, P.C. of NY is 
seeking a BC/BE General Surgeon to join its group in 
the White Plains area. We are a multi-speciality group 
based in West Chester County and are associated with 
one of the most successful HMO’s in the country. 


We offer: 


Excellent salary and outstanding benefits 
Group-paid full coverage malpractice insurance 
Membership in a 90+ physician group 

Rapidly growing prepaid membership 
(currently over 100,000) 

e An environment that encourages innovative 
approaches to health care delivery 


Send Curriculum Vitae to: 
Karen Arthur, M.D. 
Chief 
Surgery 
NPMG 
60 Washington Street, Suite 401 
Hartford, CT 06106 


ange GENERAL/TRAUMA 
SURGEON 

The Division of General Surgery at Southern 
Illinois University School of Medicine in 
Springfield, Illinois invites applications for a 
tenure eligible faculty position for a board certified 
or board eligible trauma surgeon at the Assistant 
or Associate Professor level in the Department of 
Surgery. 

The qualified candidate will have training and/or 
experience in the care of trauma and critical care 
patients, completed a trauma fellowship, 
commitment to surgical education and teaching 
and the potential to develop an independent 
research program. Board certification is 
preferred. Academic rank and salary negotiable, 
depending on applicant’s experience. 


Send curriculum vitae to: 


Alan G. Birtch, M.D. 
Professor and Chairman 
Division of General Surgery 
Southern Illinois University 
School of Medicine 

P.O. Box 19230 
Springfield, IL 62794-9230 


Southern Illinois University is an equal opportunity/affirmative action employer. 


Staff Physician/ 
Clinic Director 


Growing national medical practice 
is seeking a few vibrant, energetic 
and procedurally-oriented doctors. 
General surgeons with managerial 
experience are preferred. 

For the selected candidate, we 
offer a compensation package (salary 
and bonus) which will enable you to 
earn $100,000 to $200,000 per 
year. Additionally, we offer attrac- 
tive hours and excellent benefits. 


Please send your Curriculum 
Vitae to: 


Lloyd R. Shapiro 
Director of Medical Recruitment 


Vein Clinics of America 


Two TransAm Plaza Drive Suite 450 
Oakbrook Terrace, Illinois 60181 
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ANUSOL® Ointmentand Suppositories 
offer just the right active ingredients _ 
to relieve discomfort from 
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anorectal tissue. Zinc oxide, 
available in both formulations, soothes and 
lubricates tender anorectal tissue, protect- 
ing it against further irritation. 

ANUSOL Ointment offers the added benefit 
of pramoxine hydrochloride—an effective lo- 
cal anesthetic that’s as potent as benzocaine 
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vides prompt pain relief. 
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Suppositories. ..formulated to deliver com- 
plete comfort. 


To receive a complimentary supply of 
patient booklets on relieving anorectal 
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For Intravenous or Intramuscular Use CEFOTAN® (cefotetan disodium) 

BRIEF SUMMARY EET ey TER aa 
developmentally analogous to late childhood and ph aye in humans) resulted in reduced testicular 

INDICATIONS AND USAGE weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 


TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 

Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
raga ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

n and skin structure infections caused by Staphylococcus aureus penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 

Gynecologic infections caused by Staphylococcus aureus" (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species roa na- entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding È distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species* and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus y goog 

intra-abdominal infections caused by £ coli, Klebsiella species Lars K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (exclu ing B distasonis, B ovatus, 
B thetaiotaomicron). 

Bone and joint infections caused by Staphylococcus aureus.” 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Thera may be instituted 
before results of susceptibility studies are known; however, once these results ecome available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 


serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 


concomitantly with an aminoglycoside. Cefotetan combinations with amino lycosides have been shown 
to be synergistic in vitro soars many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 


and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, phage at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this cug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
epp pae ey) occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in " 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 

ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
HE ivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in ; 


Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 

(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered rma or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


e relevance of these 


Heep tat an be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. Type of Infection Daily Dose Frequency and Route 
: The preoperative administration of CEFOTAN may reduce the incidence of certain Uri Tract 14 500 Dh VorlM 

postoperative infections in patients undergoing surgical procedures that are classified as clean con- inary ira -4 grams Hy every 94 as N or iM 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- i or 5 g every 12 hanen Vv or iM 
urethral surgery, biliary tract surgery, and gastrointestinal surgery). or £ g every te hours IV or 

The prophylactic dose of CEF should be administered 30 to 60 minutes prior to surgery. In pa- Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
ep a “ps =e Section, CEFOTAN should be administered intravenously after the clamping Severe 4 grams 2 g every 12 hours IV 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- Life-Threatening 6* grams 3 g every 12 hours IV 


tion of the zone an so that appropriate therapeutic measures may be initiated. “Maximum daily dosage should not exceed 6 grams. 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
WARNINGS surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
patient has had ous nsitivity reactions to c disodium, ce losporins, istered as soon as the umbilical cord is clamped. 


icillins, or other dru is product should be given cautiously to penicillin-sensitive patients. IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
ntibiotics should be administered with caution to any patient who has demonstrated some form of employed. The following dosage guidelines may be used. 
allergy, particularly to drugs. If an allergic reaction to C N occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require y panpe and other emergency measures. DOSAGE GUIDELINES FOR PATIENTS 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- Creatinine Clearance WITH IMPAIRED RENAL FUNCTION 
pay antibiotics); therefore, it is important to consider its diagnosis in patients who develop mL/min Dose Frequency 
diarrhea in association with antibiotic use. : 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- >30 Usual Recommended Dosage Every 12 hours 
, of =. ier n ween a toxin Le er y aaa = is one primary cause of 10-30 Usual Recommended Dosage” Every 24 hours 
a c-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. z 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be <10 Usual Recommended Dosage Every 48 hours 


managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
aan Tee pseudomembranous colitis produced by C difficile. Other causes should also be considered. 


“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 

one-half the usual recommended dose for pp with a creatinine clearance of 10-30 mL/min, and 

one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 


GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- ; Si I 
following formula. The serum creatinine level should represent a steady state of renal function. 


growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 
In common with many other broad-spectrum antibiotics, CEFOTAN m 


be associated with a fall in Weight (kg) x (140 - age) 


prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- Males: es 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 72 x serum creatinine (mg/100 mL) 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- Females: 0.9 x value for males 


ticularly colitis. 

INFO ION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcoho! (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ae of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder Supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 R dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 9 in 100 mL vials. The vials should not be stored at 

r 


with Benedict's or Fehling’s solution. temperatures above 22°C and should be protected from ae 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 1 g in 10 mL vial (NDC ay Af 2 gin 20 mL via ie 0038-0377-20); 1 g in 100 mL vial 
pan and noe — levels by Jaffe reaction and produce false increases in the levels of (NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-2 ); 10 g in 100 mL vial (NDC 0038-0375-10). 
creatinine re $ 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in Manufactured for 


animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
Cefotetan was found in standard laboratory tests. 
Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
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5th International Symposium 


VASCULAR SURGERY 1 991: CURRENT STATE OF THE ART 
May 16, 17 and 18, 1991 


JOHN B. CHANG, M.D., F.A.C.S. 
Program Chairman 


BEST SCIENTIFIC PAPER... .$2,500.00 


Medical students, surgical residents and vascular fellows are invited to submit scientific papers for the Sth 
International Symposium on Vascular Surgery. 


5 $2,500.00 will be awarded for the best scientific paper. The winner will present the selected paper at the Sth 
International Symposium and the paper will be published in a subsequent book. Round-trip air transportation, 
economy class to New York, will be paid for winner and guest, as well as hotel accommodations and nominal 


expenses. 


PEE SHE TCO ELE 


The 5th International Symposium on Vascular Surgery will convene on May 16, 17 and 18, 1991 at the New 
York Marriott Marquis in New York City, U.S.A. 


: The four previous symposia, presented in 1983, 1985, 1987 and 1989, attracted atotalof over 1,500 surgeons 
s and faculty, bringing together some of the most outstanding physicians in this field, from around the world. 
Scientific paper guidelines: 


* Opento: Any studentin an approved medical school, house officer in surgery or fellow 
in vascular surgery (with faculty supervision) from anywhere in the world may apply. 


t * Format: Title of paper, summary of paper, introduction, methods, results, discussion. 
(References: Journals - author(s), title, journal, volume, date, pages; Books and 
Monographs - author(s), title, place of publication, publisher and date). 


* Three copies, including original paper, and glossy prints of illustrations, are required. 


All papers must be submitted in English. Paper length is optional. The author of the 
selected paper will be required to prepare for a 30-minute presentation at the 
symposium. 


Paper must be original and unpublished. 
l 


Submitted papers are not returnable to the author. 


Papers will be reviewed by a special committee. 


Send your paper, by February 1, 1991 to: Convention Headquarters, 
John B. Chang, M.D., F.A.C.S., Long Island Vascular Clinic, 1050 Northern 


Boulevard, Roslyn, New York, 11576, U.S.A. 


DEADLINE FOR PAPER SUBMISSION IS FEBRUARY 1, 1991 


For further information: Ann J. Boehme, CMP, Associate Director for Continuing Education, 
Long Island Jewish Medical Center, New Hyde Park, New York, 11042, U.S.A. 
Telephone: (718) 470-8650 
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Monoclonal antibodies offer 
tremendous potential in the 


diagnosis of cancer because of 


their unique ability to seek out 


and bind preferentially to 
cancer cells within the body. 
NeoRx is using its proprietary 
ligand technology — a type of 
chemical ‘“‘super glue” — to 
bind monoclonal antibodies 
to diagnostic agents. 


The result: the OncoTrac* 
family of technetium — 99m 
based imaging products that, 
when made available, will 
offer new methods of staging 


various tumors. 


A binding commitment 
Technology isn’t the only 
thing binding at NeoRx. The 
company’s unwavering com- 
mitment to product research 
and development is reflected 
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Is Preoperative Angiography Useful in Patients with Periampullary Tumors? ............... 649 4 
A series of patients with periampullary tumors considered resectable by CT scanning were evaluated by 
visceral angiography. It is concluded that combined with CT scan. visceral angiography is a useful adjunct in | 
the staging of patients with periampullary tumors. Major vessel occlusion usually excludes resection and ; 
major vessel encasement makes the choice of resection unlikely. l 
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In a study of 100 consecutive patients with intrathoracic muscle flap transposition, 73 were infections in the 


thorax. It is concluded that in the presence of an actual or potential leak of an intrathoracic viscus, this 
procedure can be life saving. 
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Translocation of intestinal bacteria from the lumen to the blood in hemorrhagic shock is now recognized. In 

an experimental study, the results indicated that the inflammatory response stimulated by the bacteria in 
these organs contributes to the multiple-organ failure syndrome following hemorrhagic shock. 
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The Use of Segmental Anatomy for an Operative Classification of Liver Injuries 


A clinical study that supports the conclusion that the morbidity and mortality associated with liver injuries 
are directly related to the amount of liver tissue involved. Mortality from retrohepatic vein injuries is 
independent of parenchymal injury. 

Kennan J. Buechter, M.D., Robert Zeppa, M.D., and Gerardo Gomez, M.D. 
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Esophageal/duodenal decompression is 12-14 times more efficient than 
gastric aspiration of alternative devices. * "Enteral hyperalimentation" begins 
immediatel postom with reported decreased sepsis, wound problems and 
markedly shortene 
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Gastrostomy Tube 


ORI 
® Gerald Moss, PhD, MD, FACS 





Patented 


Decompression-- 
Feeding Catheters 


Mark IV is the most 
compact (#18 French), 
efficient, and occlusion 
resistant design since 
initially introduced in 
1963. Its integral spring 
guide-wire makes it the 
most easily passed. 


Distributed By: 


Moss Tubes, Inc. 
Box 296 

W. Sand Lake, N.Y. 
12196 

(518) 674-3109 


Made of #18 French 
biocompatable silicone 
for minimum trauma 
without sacrificing 
efficiency of performance. 


* Send for reprints 
documenting results 
from independent 
clinical centers. 





CASE # 24 AGE: 55 SEX: FEMALE 

DIAGNOSIS: CECAL CARCINOMA 

SYMPTOMS: ANEMIA (Hg 6 gm/dl) 

OPERATION: RIGHT HEMICOLECTOMY & GASTROSTOMY 





The patient had a right hemicolectomy with stapled (U.S. 
Surgical Corp) anastomosis and fascia closure and a MOSS® 
gastrostomy tube. The stomach and proximal duodenum were 
aspirated, with immediate simultaneous feeding into the distal 
duodenum. 


we’ Barium feeding 5 hours postop documented adequate 
motility. The deliberate excess was totally removed. No 
contrast (i.e.: excess feeding) escaped efficient aspiration 
within the proximal duodenum, to reflux into the stomach. 
(Figure A) Serial motility study showed barium had traversed 
the anastomosis and colon, and already was exiting in a 
spontaneous bowel movement by 21 hours postop. (Figure C) 


She received 300 ml/hr of Vivonex TEN (Norwich Eaton A. Study @ 5 minutes (5 hours postop). 
Pharm), absorbed 5,000 kcal the initial 20 hours, and then Note efficient removal of all excess barium, 
tolerated a general diet. She was the 4th patient discharged with none reaching the stomach. 
uneventfully 24 hours after bowel resection and reanastomosis. 





C. Motility @ 16 hours (21 hours postop). 
Barium is exiting in a spontaneous bowel 
movement. 


B. Motility @ 4 hours (9 hours postop). 
All barium is within the ileum. 





Call MOSS TUBES, INC (518) 674-3109 for introductory sample and literature. 
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Jackson, Mississippi 


Extended Profundoplasty to Minimize Pelvic and Distal Tissue Loss ..............---.-+--- 694 
A clinical study of extended profundoplasty to minimize pelvic and distal tissue loss. Profundoplasty with 

multilevel disease appears to extend the long-term patency of aortofemoral grafts and permits return to a 

normal life-style. 
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protocol was found to reduce mortality from pelvic fractures. 
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Is Preoperative Angiography Useful in Patients 
with Periampullary Tumors? 
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Ninety patients with periampullary tumors, staged by CT scan 
and believed to be resectable, were staged further by visceral 
angiography. Most of these patients (78) had carcinoma of the 
head of the pancreas. Visceral angiography was normal in 62 
patients. Major vessel encasement (17 patients) or occlusion (11 
patients) was identified in 28 patients. There were no compli- 
cations related to angiography. Among the 62 patients with nor- 
mal angiograms, 48 underwent a pancreaticoduodenectomy, for 
a resectability rate of 77%. Among the 17 patients with vessel 
encasement, the resectability rate was 35%. For the 11 patients 
with vessel occlusion, the resectability rate was 0%. Combined 
with CT scan, visceral angiography is a useful adjunct in the 
Staging of patients with periampullary tumors. Major vessel oc- 
clusion precludes resection, and major vessel encasement makes 
resection unlikely. If visceral angiography is normal, it is very 
likely that the tumor will be resectable. 


INCE ITS INTRODUCTION by Whipple et al.! in 

1935, pancreaticoduodenectomy has been the most 

effective treatment for periampullary carcinomas. 
In recent years a marked drop in both postoperative mor- 
bidity and mortality rates, as well as improved survival. 
have been reported for this operative procedure.*~* This 
has resulted in the performance of many more pancrea- 
ticoduodenectomies. However, at the time of laparotomy, 
many patients with periampullary carcinomas are found 
not to be resectable. Nonoperative techniques for the 
management of obstructive jaundice secondary to a peri- 
ampullary tumor have likewise improved and may, in 
many instances, provide adequate palliation for unre- 
sectable patients.*° These parallel improvements in both 
operative and nonoperative management make appro- 
priate staging more important than it was a decade ago 
when laparotomy was still required in all patients to es- 
tablish the diagnosis and provide palliation. Currently 
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computerized tomographic (CT) scanning is the most 
commonly used diagnostic tool for periampullary tumors 
and is also used for staging.’ Even with CT staging, many 
patients at laparotomy prove not to be resectable. 

Angiography was used as a diagnostic tool in the eval- 
uation of patients with jaundice and periampullary tumors 
in the 1960s and 1970s.*"'? Many studies from this era 
demonstrated its limited role in establishing the diagnosis 
of malignancy. Clearly CT scan has surpassed angiography 
in predicting the diagnosis of malignancy. However, be- 
cause of the ability of visceral angiography to identify ma- 
jor vascular involvement by local tumor extension, it still 
may have a role in staging patients with periampullary 
neoplasms. In a group of patients with obstructive jaun- 
dice and periampullary masses referred for Surgical eval- 
uation at The Johns Hopkins Hospital, the efficacy of 
angiography was evaluated, not as a diagnostic tool, but 
as a further means of staging after CT scan in an effort to 
avoid laparotomy in patients who clearly are not resect- 
able. 


Clinical Material 


During a 3-year period, beginning January 1, 1987, 90 
patients with obstructive jaundice secondary to periam- 
pullary tumors underwent visceral angiography. All pa- 
tients had previously undergone a diagnostic CT scan and 
most had had either percutaneous transhepatic or endo- 
scopic retrograde cholangiography. Many had undergone 
upper gastrointestinal endoscopy and barium studies. 
Fourteen had undergone magnetic resonance imaging 
(MRI). Angiography was performed as the final Staging 
test in those patients who were believed to be resectable 
on the basis of their previous studies. Of the 90 patients, 
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51 were men and 39 were women. The mean age was 60 
years, and ranged from 21 to 86 years. All 90 patients 
eventually had the diagnosis of malignancy confirmed 
histologically. The majority of patients had adenocarci- 
noma of the head of the pancreas (Table 1). 


Visceral Angiography 


Using aseptic technique and 1% lidocaine as a local 
anesthetic, the common femoral artery was punctured 
percutaneously using a modified Seldinger technique. 
Conventional cut film visceral angiography was then per- 
formed. When cut film angiography failed to provide suf- 
ficient diagnostic information, intra-arterial digital sub- 
traction angiography (DSA) was performed. A 5 french 
Simmons | catheter and a 0.035-inch floppy-tipped guide 
wire were used in the majority of patients to selectively 
catheterize the celiac axis and the superior mesenteric ar- 
tery (SMA). When the celiac axis or SMA could not be 
selectively catheterized, a lateral DSA abdominal aorto- 
gram was performed to screen for possible occlusion or 
severe stenosis secondary to encasement or atherosclerosis. 
Infrequently a selective common hepatic or splenic ar- 
teriogram was performed to help evaluate the arterial or 
venous anatomy. Arteriography was performed in the an- 
terior/posterior projection. Oblique projections were in- 
frequently used. Injection rates for the standard selective 
cut film celiac and SMA arteriograms generally ranged 
from 7 to 9 mL/second for a total volume of 50 to 70 mL 
of ionic contrast (usually 76% iodinated contrast). To bet- 
ter visualize the superior mesentery vein (SMV) and portal 
vein, 25 mg of Priscoline (Ciba Pharmaceutical Co., 
Summit, NJ) was injected through the catheter directly 
into the SMA just before filming. 

All angiograms were examined for evidence of arterial 
or venous encasement or occlusion that might preclude 
resection. Encasement or occlusion of vessels normally 
removed during a pancreaticoduodenectomy (such as the 
gastroduodenal artery) was not considered a positive find- 
ing. In addition anatomic variants that would be helpful 
for the surgeon to know before pancreaticoduodenectomy 
were recorded. 


TABLE 1. Ninety Patients Undergoing Visceral Angiography 


Diagnosis Number 
Carcinoma of the head of the pancreas 78 
Carcinoma of the distal bile duct 3 
Carcinoma of the ampulla 2 
Carcinoma of the duodenum 1 


Other 
Cystadenocarcinoma 
Hamoudi tumor 
Lymphoma 
Metastatic tumor 
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FIG. 1. The venous phase of this injection of the SMA demonstrates a 
long segment of SMV narrowing, identified by the arrow. This was sec- 
ondary to tumor encasement. The finding was confirmed at laparotomy 
and the patient was unresectable. 


Sixty-two patients had no evidence of major vessel en- 
casement or occlusion, and therefore had no angiographic 
findings that would suggest that their tumors were not 
locally resectable. The remaining 28 patients had angio- 
graphic findings suggesting vessel encasement or occlu- 
sion. Encasement was seen more frequently than occlu- 
sion, and venous involvement was more common than 
arterial. Venous encasement was demonstrated involving 
the portal vein in 15 patients, the SMV in 11 patients, 
and the splenic vein in 1 patient (Fig. 1). Arterial encase- 
ment was identified involving the SMA in 4 patients, the 
celiac axis in 1 patient, and the hepatic artery in 3 patients. 
Venous occlusion of the portal vein was demonstrated in 
7 patients, of the SMV in 4 patients, and of the splenic 
vein in 2 patients (Fig. 2). Arterial occlusion of the SMA 
was seen in 2 patients. In many instances patients with 
positive visceral angiograms had more than one vessel 
involved (Table 2). Nine patients had a replaced right or 
left hepatic artery arising from the SMA. Many other an- 
atomic variants. including the left hepatic artery arising 
from the left gastric artery, were identified. However only 
the hepatic arterial branches arising from the SMA were 
believed to represent important anatomic information for 
the surgeon before performing a pancreaticoduodenec- 
tomy. 


Clinical Course 


There were no complications attributable to angiog- 
raphy in these 90 patients. Specifically there were no in- 
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FIG. 2, The venous phase of this celiac axis injection demonstrates that 
the splenic vein is drained by collaterals and therefore occluded. The 
SMV was not visualized after SMA injection and was believed to be 
occluded. These findings were documented at laparotomy. The patient 
was unresectable. 


stances of major bleeding from the angiographic puncture 
site, embolic events related to angiography, or pseudo- 
aneurysms at the angiographic puncture site. There were 
no instances of intimal injury. No patient developed renal 
failure after angiography. 

Among the 62 patients in whom angiography dem- 
onstrated no evidence of major vascular encasement or 
occlusion, 48 were found to be resectable at the time of 
laparotomy and underwent a pancreaticoduodenectomy 
(77%). Of the 14 patients found to be unresectable, seven 
had liver metastasis. Three other patients were found to 
have peritoneal implants at the time of laparotomy. In 
three patients the tumor invaded the root of the transverse 
mesocolon with SMA involvement. The angiograms in 
these three patients had been interpreted as normal for a 
false-negative rate of 5%. The final patient was found at 
laparotomy to have a lymphoma involving the pancreas 
and therefore was not a candidate for pancreaticoduo- 
denectomy. 

In 28 patients visceral angiographic findings of vessel 
encasement or occlusion suggested that the periampullary 
tumor was not resectable. However, at the time of lapa- 
rotomy, six of these patients were found to be resectable 
and underwent pancreaticoduodenectomy (21%). Two of 
these six patients were documented by angiography to 
have portal vein encasement. The encasement was con- 
firmed at surgery but was resected as an extension of pan- 
creaticoduodenectomy and the portal vein was recon- 
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structed. Two other patients had false-positive readings 
of encasement at the SMV portal venous junction and 
were resectable at the time of exploration (Fig. 3). With 
angiography the final two patients were believed to have 
SMA encasement, but laparotomy proved this untrue and 
they underwent pancreaticoduodenectomy. There was no 
evidence, on reviewing the angiograms, to suggest that 
catheter-induced spasm in the SMA accounted for this 
false-positive finding, but that is the most feasible expla- 
nation. Therefore four patients had falsely positive angio- 
grams, for a false-positive rate of 14%. None of the patients 
with arterial or venous occlusion were found to be re- 
sectable at exploration. Thirteen of the twenty-eight pa- 
tients had angiographic findings that were so convincing 
that the patients were not explored and nonoperative pal- 
liation was carried out. Seven of these thirteen nonex- 
plored patients had vessel occlusion and, as previously 
mentioned, no patients explored with vessel occlusion 
were found to be resectable. Two additional patients had 
liver metastasis confirmed by the combination of angiog- 
raphy and CT. In both cases the standard CT scan had 
been inconclusive for metastasis. The remaining four pa- 
tients had multiple arterial and venous encasements that 
were so widespread that nonoperative management was 
chosen. 

Thus among the entire group of 90 patients staged by 
CT scan, 54 underwent pancreaticoduodenectomy, for a 
resectability rate of 60%. After further staging by visceral 
angiography, 48 of 62 patients were found to be resectable, 
for a resectability rate of 77%. However 6 of 28 patients, 
or 21%, who were not believed to be resectable on the 
basis of visceral angiography were, in fact. resectable at 
the time of laparotomy. 

If one only considers the 78 patients with adenocarci- 
noma of the head of the pancreas believed to be resectable 


TABLE 2. Visceral Angiography in 90 Patients 


Findings Patients 
No vessel encasement or occlusion 62 
Vessel encasement or occlusion 
Encasement* 
Portal vein 15 
Superior mesenteric vein 11 
Splenic vein | 
Superior mesenteric artery 
Celiac axis 
Hepatic artery 
Occlusion* 
Portal vein 
Superior mesenteric vein 
Splenic vein 
Superior mesenteric artery 
Celiac axis 
Hepatic artery 
Variant arterial anatomy* 
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* Several patients had more than one finding. 
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FIG. 3. The venous phase of this SMA injection demonstrates notching 
on the right wall of the portal vein-SMV junction. This is a normal 
variant. The defect in the portal vein-SMV junction (arrow) is secondary 
to the in flow of noncontrast media containing splenic venous blood. 
These phenomena can account for false-positive venograms in the eval- 
uation of periampullary neoplasms. 


on the basis of CT scan, 44 were found to be removable, 
for a resectability rate of 56%. After staging by visceral 
angiography, 53 were believed to be resectable, and at the 
time of laparotomy, 39 of these underwent a pancreati- 
coduodenectomy. Thus the resectability rate was increased 
to 74%. However, on the basis of visceral angiography, 
25 patients with adenocarcinoma of the head of the pan- 
creas were believed not to be resectable, but at the time 
of laparotomy five tumors were found to be remov- 
able (20%). 

There were two deaths among the 54 patients who un- 
derwent pancreaticoduodenectomy, for a hospital mor- 
tality rate of 3.7%. There was one hospital death in the 
group of 36 patients who did not undergo pancreatico- 
duodenectomy, for a hospital mortality rate of 2.8%. This 
one death was in the group of 23 patients who were ex- 
plored but not resected. There were no deaths in the group 
of 13 patients managed without operation. 
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Discussion 


In the 1960s the diagnosis of a periampullary malig- 
nancy before surgery in a patient presenting with obstruc- 
tive jaundice was difficult. Direct imaging of this area by 
CT scan, ultrasound, or MRI was not available. The use- 
fulness of indirect imaging of the periampullary region 
by upper gastrointestinal series was limited. Retrograde 
endoscopic cholangiopancreatography had not been in- 
troduced and percutaneous transhepatic cholangiography 
was only infrequently performed.'? In this climate visceral 
angiography was evaluated as a means of diagnosing these 
tumors in patients presenting with obstructive jaundice. 
When a tumor blush or tumor vessels were identified, or 
major vascular encasement or occlusion was seen, this 
was interpreted as indirect evidence of a periampullary 
malignancy.’ Unfortunately these positive findings were 
seen in only a small proportion of patients with periam- 
pullary neoplasms and thus visceral angiography was 
abandoned in the work-up of such patients. During the 
same period, virtually all patients with periampullary tu- 
mors required surgery. Surgery was needed not only for 
diagnosis but also to provide the only means of palliation. 
Today this situation also has changed. When a patient 
presents with obstructive jaundice, a CT scan, ultrasound, 
or MRI can identify with a high degree of accuracy the 
lesion.'4 The site of tumor origin can be localized further 
by percutaneous or endoscopic retrograde cholangiogra- 
phy. Finally histologic confirmation can be obtained by 
fine-needle aspiration in most patients. Thus surgery is 
no longer needed for definitive diagnosis. Furthermore 
we believe that surgery is no longer the only option for 
palliation in those patients who are unresectable. Jaundice 
can be effectively managed by internal drainage with a 
catheter inserted percutaneously or by an endoprosthesis 
inserted percutaneously or endoscopically.°° Because 
most patients do not develop duodenal obstruction, gas- 
trojejunostomy can be performed only in those who sub- 
sequently (usually months later) develop duodenal ob- 
struction. Some have questioned whether this approach 
provides as effective palliation as biliary-enteric bypass 
and gastrojejunostomy performed surgically. A prospec- 
tive randomized study is in progress to evaluate the relative 
efficacy of these two approaches. An interim report dem- 
onstrates no initial deaths related to endoprosthesis 1n- 
sertion compared to a 10% perioperative mortality rate 
related to surgical palliation. At the end of | month there 
is a significant survival advantage in the endoprosthesis 
group but, at 6 months, the surgical group appears to 
have slightly better palliation.’ Thus the issue has not 
been resolved entirely. 

If one accepts the thesis that nonoperative palliation is 
an attractive alternative to surgical palliation in an indi- 
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vidual with an unresectable periampullary neoplasm, then 
preoperative staging becomes important. The CT scan 
today is the most commonly used staging tool for patients 
with periampullary tumors. Liver metastases of 1 cm or 
more in diameter can be detected with a high degree of 
accuracy. Regional lymphadenopathy can be identified 
and vessel occlusion or encasement can occasionally be 
determined. Using CT as the staging tool, 90 patients in 
the current series had a resectability rate of 60%. If one 
considers only the 78 patients with carcinoma of the head 
of the pancreas, the resectability rate was 56%. These fig- 
ures compare favorably to a decade ago, before CT staging, 
when resectability rates were in the range of 10% to 20% 
for pancreatic cancer. When visceral angiography was 
added to CT scanning as a means of preoperative staging, 
the resectability rate for pancreatic cancer increased to 
74%. In addition to providing further information on 
staging, visceral angiography also delineates variant anat- 
omy that can be valuable to the surgeon performing a 
pancreaticoduodenectomy. Both the right and left hepatic 
arteries can arise from the superior mesenteric artery, in- 
stead of the common hepatic artery off the celiac axis. 
These anomalies were seen in 9 of our 90 patients (10%). 
When these vessels arise from the superior mesenteric ar- 
tery, they usually course directly posterior to, but occa- 
sionally in, the uncinate process of the pancreas. If the 
surgeon is unaware of their presence, they can be ligated 
during a pancreaticoduodenectomy and liver necrosis 
and/or liver abscess formation may follow, especially in 
patients with obstructive jaundice. This sequence lead to 
death in a patient operated on several years ago in this 
hospital. 

Visceral angiography is not without risk.- Bleeding at 
the femoral artery puncture site or subsequent pseudo- 
aneurysm formation can both occur, as can intimal injury 
anywhere along the catheterized arterial system. A sizable 
contrast media load is delivered. and renal injury can re- 
sult. However interventional radiologists have become so 
skilled and pretest hydration so routine that these com- 
plications are very uncommon. In our series of 90 patients, 
there were none. An additional risk is that of a false-pos- 
itive exam, thus excluding someone from laparotomy who 
might otherwise be resectable. Two patients in the present 
series whose angiograms were interpreted as showing SMA 
encasement were found to be resectable. Arterial spasm 
secondary to catheter injury may have been responsible 
for this error. Two additional patients were suspected of 
having venous encasement at the junction of the portal 
vein and SMV. At the time of surgery, no encasement 
was present and both were resectable. Notching of the 
right lateral wall of the portal vein-SMV junction, which 
can be a normal variant, and mixing of splenic vein and 
SMV blood (only one at a time of which will contain 
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contrast media), makes the interpretation of encasement 
of this area difficult (Fig. 3). Finally some patients will 
have venous encasement, but will still be resectable if only 
a short segment is involved and that segment is resected. 

Because of difficulties in determining the presence or 
significance of vessel encasement, we believe that only 
vessel occlusion should be interpreted as an absolute sign 
of unresectability. Among the 62 patients in our series 
without vessel encasement or occlusion, 45 underwent 
pancreaticoduodenectomy, for a resectability rate of 77%. 
In 17 patients vessel encasement alone was present and 
six underwent pancreaticoduodenectomy, for a resecta- 
bility rate of 35%. Eleven of the patients had angiographic 
evidence of major vessel occlusion, and none were re- 
sectable. We believe that only if there is angiographic ev- 
idence of extensive and widespread vascular encasement 
should encasement alone be considered as an absolute 
sign of unresectability. 

Other means of staging patients with periampullary 
carcinomas also are being evaluated.'® Laparoscopy can 
be used to identify unsuspected liver metastasis or peri- 
toneal implants. However CT has become so accurate in 
identifying even small liver lesions that laparoscopy would 
appear to have little to add. In our series of 90 patients, 
only six proved to have peritoneal implants that would 
have been detected by laparoscopy. Three of these six had 
resectability excluded on the basis of vascular involvement 
at angiography. Fourteen of our patients underwent MRI 
before laparotomy. In two patients, portal vein involve- 
ment was suspected. Angiography and laparotomy failed 
to confirm these findings. In a third patient, SMV en- 
casement was read and confirmed by angiography and 
laparotomy. Magnetic resonance imaging is superior to 
CT in evaluating vascular anatomy and may yet play a 
major role in the staging of patients with periampullary 
neoplasms. Dynamic CT and MRI are being evaluated 
and compared prospectively to angiography and laparot- 
omy at The Johns Hopkins Hospital for their relative 
merits in staging. Visceral angiography provides superior 
resolution and is preferred. If CT is used to identify liver 
metastases and visceral angiography is used to identify 
local tumor extension causing vessel occlusion or wide 
spread encasement, patients can be safely and accurately 
selected (1) to undergo laparotomy with a high likelihood 
of being resectable, or (2) to be considered for nonoper- 
ative palliation, knowing the patient is unresectable. 
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DISCUSSION 


Dr. JOHN W., BRAASCH (Burlington, Massachusetts): This is an im- 
portant paper, an attempt to evaluate the various modalities we have in 
preoperative assessment of patients with malignant obstruction of the 
biliary tract. It is done in sufficient numbers and the material has been 
' carefully analyzed and very lucidly presented here by Dr. Cameron. 

I would like to focus on, if J might, those cases that had total vascular 
occlusion. I think there were {!, of which none were resected. The as- 
sumption is made here that other means of palliation of biliary obstruction 
other than surgical are valid. We have taken the opposite interpretation 
of such data, and I would like offer an explanation. We think, in patients 
whose life expectancy is longer than 4 months, those patients without 
liver metastases, those patients without huge tumors and without multiple 
nodes that are obvious on CT scan, that the best palliation is a biliary 
tract anastomosis. 

Our experience has been that with retrograde intubation of these tumors 


` by endoscopes that there are problems with these stents such as cholangitis, 


slippage, and obstruction, and so on, and certainly percutaneous trans- 
hepatic tubes are very uncomfortable. These deficiencies are acceptable 
for patients with short expected survival times but probably not for those 
expected to survive for more than 4 months. 

Surgery is a direct and accurate method of recognizing nonresectable 
cases, especially those with obstruction of the portal vein because they 
have evidence of collateral once the incision is made and the abdomen 
is viewed. Surgery also provides an opportunity to identify other causes 
of arterial obstruction, such as arteriosclerotic occlusion of the celiac 


axis or anomalous failure of collateral circulation in the arterial supply. 


to the head of the pancreas and the liver. 

For these reasons we believe that exploration is superior to arteriog- 
raphy in the identification of obstructed vessels. We believe, also, that 
we can identify the anomalies that occur in the periampullary region, 
and we always dissect the duodenal hepatic ligament with the thought 
in mind that this ligament always contains a replaced right hepatic artery 
or branch of it, and so we have been able to avoid damage to that artery. 

I have a question for Dr. Cameron that revolves around those patients 
' who have had encasement on their arteriogram but who were resectable. 
What were the margins on these resected tumors that showed vascular 
encasement before operation? We know that the chance of cure in a 
patient with cancer of the pancreas with zero margins is very minimal. 


Dr. ROBERT HERMANN (Cleveland, Ohio): This paper raises three 
issues that I would like to discuss briefly. First is the accuracy and cost- 
effectiveness of preoperative angiography for staging as compared to in- 
traoperative staging by surgeons. Second is the issue that Dr. Braasch 
discussed, the value or benefit of avoiding operation and instead substi- 
tuting either percutaneous transhepatic or endoscopic retrograde catheter 
drainage to palliate the jaundice when the tumor is believed to be un- 


DOOLEY AND OTHERS 


Ann. Surg. « June 1990 


9. Bookstein JJ, Rueter SR, Martel W. Angiographic evaluation of 
pancreatic carcinoma. Rad 1969; 93:757-764. 

10. Suzuki T, Tani T, Hanjo I. Appraisal of arteriography for assessment 
of operability in periampullary cancer. Ann Surg 1975; 182:66-— 
71. 

11. DiMagno EP, Malagelada JR, Taylor WF, Go VL. A prospective 
comparison of current diagnostic tests for pancreatic cancer. 
NEJM 1977; 297:737--742. 

12. Mackie CR, Lu CT, Noble HG, et al. Prospective evaluation of 
angiography in the diagnosis and management of patients sus- 
pected of having pancreatic cancer. Ann Surg 1979; 189:1 1-16. 

13. Wood RA, Moosa AR, Blackstone MD, et al. Comparative value 
of four methods of investigating the pancreas. Surg 1976; 80: 
518-522. 

14, Stanley RJ, Sagel SS, Evans RG. The impact of new imaging methods 
on pancreatic arteriography. Rad | 1980; 136:251~253. 

15. Dowsett JF, Russell RC, Hatfield AR, et al. Malignant obstructive 
jaundice: a prospective randomized trial of bypass surgery versus 
endoscopic stenting. Gastroenterol 1989; 96:A128. 

16. Warshaw AL, Swanson RS. Pancreatic cancer in 1988. Ann Surg 
1988; 208:541-553. 


resectable. Third is the resectability rate reported by Dr. Cameron and 
his associates for adenocarcinoma of the head of the pancreas, which I 
find really astonishing; it ranged in their study from 56% to as high 
as 74%. 

In regard to the accuracy and cost-effectiveness, we used selective celiac 
and superior mesenteric angiography rather frequently during the early 
1970s and found it to be less accurate than intraoperative staging. In his 
paper Dr. Cameron reports a false-positive rate of 14% and a false-negative 
rate (that is resection was possible, despite the appearance of unresect- 
ability) of 29%, which makes a total combined error rate of approximately 
35%. In addition, roughly two thirds of their patients had a normal study, 
which makes me question its overall effectiveness. It is an invasive pro- 
cedure and increases patient care cost. 

The second question, the one addressed by Dr. Braasch, has to do 
with the value or benefit of avoiding an operation and using a catheter 
to palliate the jaundice. Our experience is similar to their experience as 
well as others, that this gives less effective relief of the jaundice than does 
an operative bypass. The tube, if it protrudes externally, is a constant 
reminder to the patient of the disease. It is painful and needs to be 
changed every 3 or 4 months because of recurrent episodes of cholangitis. 
Tubes are really second-class palliation, as compared to a surgical bypass. 

Finally the i issue of resectability. I am amazed at the rates that you 
report. Our own resectability rate for adenocarcinoma, ductal type in 
the head of the pancreas, remains in the range of 15%, which is nowhere 
near your report of 56%. We find, however, that we can resect between 
50% to 80% of other periampullary tumors—that is carcinoma of the 
ampulla, distal bile duct, periampullary duodenal cancers, or cystic car- 
cinomas or islet cell carcinomas, but not the standard adenocarcinoma 
of the head of the pancreas, 

I have two questions for you. First, would you tell us the cost of 
angiography at Johns Hopkins? What does this add to the expense to 
these patients? Second, would you discuss a little more thoroughly what 
constitutes, in your opinion, an unresectable tumor? In other words, 
how did you determine resectability? I think you are seeing a differeni 
group of patients than we see in Cleveland. 


Dr. WILEY F. BARKER (Los Angeles, California): J rise not to discuss 
some of the therapeutic aspects of this paper but to congratulate the 
authors on what they have done and to make a comment about history. 

When this Society was just 42 years old, a man named Reynaldo Dos 
Santos, whose son became a very famous vascular surgeon, read a paper 
entitled ‘Arteriography of the, Extremities, the Aorta and Its Abdominal 


Branches,’ and I would like to introduce into the record a very brief note 


from the summary of this paper. 

He says, ‘With regard to the abdomen and extremities, one can forsee 
the vast semeiologic horizon that the multiplicity of interesting aspecis 
we have already glimpsed only with regard to the kidney. You can already 
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see the possibilities of visualizing the circulation in order to diagnose 
nephritis [and so on]’ and tumors. i 

‘It has been helpful in a general way as a tool in making the differential 
diagnosis of tumors, et cetera. 

‘The anatomical aspects, particularly the anatomic topography of the 
circulation of the abdomen is in a way more precisely defined by a method 
that catches in the living patient the normal relationships better than 
those displayed by the dissection of the cadaver.’ 

Sixty years later, there have been other papers presenting the use of 
arteriography and the delineation of the status of tumors. 

I would suggest that in the next few years we will see even more suc- 
cessful demonstrations perhaps than Dr. Cameron described. 

I would not hesitate to say that Dr. Dos Santos would be more than 
astonished at the accuracy and the beauty of these pictures, and I would 
submit that very soon we will see even better arteriographic pictures and 
better definition of the answers to the questions that he sought. 


Dr. WILLIAM S. BLAKEMORE (Birmingham): During the early de- 
velopment of selective mesenteric arteriography, we thought that arte- 
riography might be of value diagnostically for pancreatic disease. That 
was a disappointment despite the annual achievement award received 
from an article (Am J Gastroenterol 1967; 48:42 1-430). 

I am pleased to see the use of this technique in pancreatic lesions and 
wish to congratulate Dr. Cameron on the details of his arteriography; 
the technical details are worthy of special praise. 

Dr. Moreye Nusbaum and I looked at microangiography at the same 
time with Dr. Stanley Baum, whom some of you know. We didn’t find 
additional help in that technique. 

Dr. Williams, who is here today, and others had pioneered angiographic 
magnification by other techniques, but we could not increase the mag- 
nification for usefulness in clinical practice. 

One curious sign we discovered was with the involvement of the splenic 
vein by advanced pancreatic carcinoma. These patients were referred 
because of the physical signs with a bruit in the left upper quadrant and 
the patients were thought to have arteriovenous fistulae between the 
renal artery and vein or renal arterial aneurysms. This sign was confirmed 
and published by a group in England, but their work was unknown to 
us at the time. When we developed the mechanism for the bruit, we 
were able to show that this was due to the constriction of the splenic 
vein by the tumor. 
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DR. C. RANDLE VOYLES (Jackson, Mississippi): As a follow-up, the 
primary thing that prevents resection of these tumors is invasion of the 
portal vein. If we could determine occlusion before operation with lesser 
modalities than arteriography, it would be useful. 

Our radiologists progressively have become more successful in precise 
delineation of the portal vein with mid-bile duct and upper bile duct 
cancers. 

Occlusion can be defined very readily with ultrasound. Because the 
limiting factor to your resection was occlusion, could you get that same 
information with ultrasound? 


Dr. WILLIAM C. DOOLEY (Closing discussion): First, let me say that 
the importance of staging patients with angiography is only significant 
if you accept the thesis that nonoperative palliation is a viable option in 
patients with a very limited life expectancy. 

It has been the subject of an ongoing prospective evaluation in the 
Middlesex Hospital in England. A recent report from there has dem- 
onstrated that there is a survival advantage at 30 days for those who are 
treated with endoscopic stents as opposed to those treated with operative 
bypasses. 

The 6-month and 1-year data is yet to come from that study. 

With respect to cost factors, angiography is certainly cheaper than a 
laparotomy in patients who are unresectable, so we continue to use it 
on that basis. Most of our false-positive and false-negative results came 
early in the course of this study and probably represent, as the one an- 
giogram demonstrated, misinterpretations of angiographic data. We are 
much better than that now and our false-positive and false-negative results 
are very low. 

With respect to the splenic vein occlusion, we have noted no particular 
physical findings associated with that phenomenon. We have excluded 
in this group all patients that had CT documentation, ultrasound, or 
MRI findings that excluded their resectability. Thus we have already 
eliminated those patients from this group. 

Interestingly, we do not have a lot of data with respect to ultrasound 
documentation of occlusion, but in the case of MRI, which is undergoing 
a prospective evaluation at Johns Hopkins for preoperative pancreatic 
carcinoma staging, we are having a high number of false-positive results 
by that study, and it probably represents just the early experience with 
that. 
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_ One hundred consecutive patients underwent intrathoracic muscle 
transposition between May 1977 and February 1988. Seventy- 
three procedures were performed to manage the complications 
of infection, which included treatment of bronchopleural fistula, 
postpneumonectomy empyema, perforations of the heart or great 
vessels, and fistulae of the esophagus and trachea. Prophylactic 
reinforcement of the repaired viscus was done in the remaining 
27 patients because of either increased airway tension or previous 
intrathoracic radiation. There were 71 male and 29 female pa- 
tients. Ages ranged from 16 to 82 years (median, 58 years). One 
hundred thirty muscle transpositions were performed and in- 
cluded 60 serratus anterior flaps, 33 latissimus dorsi, 28 pec- 
toralis major, 3 intercostal, 2 rectus abdominus, and 4 others. 
The number of operations per patient ranged from 1 to 13 (me- 
dian, 2). Seventy-six complications occurred in 35 patients. There 
were 16 operative deaths. Follow-up ranged from 3.4 to 150.7 
months (median, 41 months). Infection was controlled or avoided 
in 73 patients. Forty-three of the operative survivors died. Cause 
of death was cancer in 27 patients, cardiac in 4, pulmonary in 
3, infection in 3, suicide in 1, and unknown in 5. We conclude 
that although associated with a significant morbidity and mor- 
tality, intrathoracic muscle transposition when there is an actual 
or potential leak of an intrathoracic viscus can be life saving. 
Long-term survival, however, is determined by the pre-existing 
thoracic disorder. 


NTRATHORACIC MUSCLE TRANSPOSITION is not 

new.'~° In 1911 Abrashanoff! reported the use of 

muscle to close bronchopleural fistulae. Five years 
later, Robinson reported open pleural drainage combined 
with transposition of the latissimus dorsi muscle to suc- 
cessfully obliterate a chronic nontuberculous empyema 
cavity.” It was not until 1938, however, that Gray reported 
the use of a smaller thoracotomy window through which 
muscle flaps could be passed when transposing them into 
the chest.° Since then other small refinements in intra- 
thoracic muscle transposition have been made, but all are 
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based on the concept of transposing autogenous tissue 
into the chest.’~'4 

The authors have been performing intrathoracic muscle 
transposition for the past 12 years.'°?! The majority of 
our experience, however, has been accumulated since 
1985. In 1988 we presented a preliminary report of a 
smaller number of patients with a shorter follow-up pe- 
riod.” Since then we have expanded that number with a 
more significant follow-up in an effort to delineate the 
true outcome of these attempts at improving life-threat- 
ening situations. We have also attempted to define criteria 
for those patients who would benefit from leaving the 
pleural cavity open at the time of muscle transposition. 


Materials and Methods 
Clinical Data 


One hundred consecutive patients who underwent in- 
trathoracic muscle flaps between Mav 1977 and February 
1988 were reviewed. Seventy-three patients had an intra- 
thoracic infection at the time of muscle transposition. 
Forty-seven patients had bronchopleural fistulae (23 with 
postpneumonectomy empyema), 11 had perforations of 
the heart or great vessels, 8 had esophageal fistula, 5 had 
postpneumonectomy empyema alone, and 2 had em- 
pyema.. Sixteen of these patients had previous radiation. 
The remaining 27 patients had a potential wound-healing 
problem secondary to either tension on the airway (18 
patients) or to previous intrathoracic radiation (9 patients). 

There were 7! male and 29 female patients. Ages ranged 
from 16 to 82 years, with a median of 58 years. These 
100 patients had 130 intrathoracic muscle transpositions 
performed, which included the serratus anterior in 60 pa- 
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tients, latissimus dorsi in 33, pectoralis major in 28, in- 
tercostal in 3, rectus abdominus in 2, and other in 4. Mus- 
cle transpositions were done on the right in 60 patients, 
the left in 38, and bilaterally in 2. Four patients had the 
omentum transposed to the intrathoracic position, all as 
a salvage procedure when a previous muscle flap did not 
perform the original task. Three of these omental trans- 


- positions were for perforation of the heart or great vessels 


and one was for recurrent bronchopleural fistula after po- 
tential intrathoracic muscle necrosis. 


Operative Procedure 


The thorax was entered either through a standard pos- 
terolateral thoracotomy after sparing both the latissimus 
dorsi and serratus anterior muscles or through a median 
sternotomy. The intrathoracic disorder was repaired be- 
fore consideration of muscle transposition. Thus any fis- 
tula of the esophagus or airway or perforation of the heart 
or great vessels was closed first. After this muscle was 
transposed to reinforce these direct closures. In three pa- 
tients the airway could not be closed directly. In these 
latter situations muscle was inserted into the open fistula 
and sutured to its edge. In some patients muscle was also 
used to obliterate small residual pleural spaces but no 
effort was made to completely obliterate large cavities 
(postpneumonectomy space). The mobilization and in- 
trathoracic transposition of various muscles have been 
previously described. !>-?3 

A specific muscle was then chosen considering such 
factors as the location of the intrathoracic defect, the axis 
and arc of the selected muscle, potential loss of function 
and externa] deformity that could result from use of the 
selected muscle, and whether the latissimus dorsi muscle 
had been divided during a previous thoracotomy. The 
muscle was generally elevated on its proximal dominant 
blood supply. A 7- to 10-cm segment of rib (usually the 
second or third) was resected near the axis of the muscle, 
which was in the posterior axillary line for the latissimus 
dorsi, the mid axillary line for the serratus anterior, and 
at the mid clavicular level for the pectoralis major. The 
rectus abdominus muscle and omentum entered the chest 
through either a subcutaneous tunnel or via the dia- 
phragm. The muscle was then sutured directly to the re- 
paired intrathoracic structure. 

If obvious infection was associated with a large residual 
pleural cavity (postpneumonectomy empyema), the entire 
thorax was left opened and wet dressings of Betadine 
(Purdue Frederick Co., Norwalk, CT) solution diluted 20: 
1 were placed in the thorax and changed every 48 hours 
in the operating room until the muscle flap was adherent 
to surrounding structures. If necessary further debride- 
ment was also accomplished before redressing the wound. 
Dressing changes were then accomplished three to four 
times per day in the patient’s room. 
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Pleural tissue cultures were not used to determine tim- 
ing of chest wall closure. Instead, when healthy granula- 
tion tissue with no evidence of gross exudate was present 
throughout the pleural space, the chest was then closed 
by obliterating the pleural cavity with an antibiotic so- 
lution consisting of 0.5 g neomycin, 0.1 g polymyxin B 
sulfate, and 80 mg gentamicin per liter of saline, and the 
chest wound closed by separation of the soft-tissue planes, 
mobilization of the adjacent muscles, and water-tight ap- 
proximation of the different chest wall layers (Clagett pro- 
cedure). If the residual pleural cavity was small enough 
to allow complete obliteration with a transposed muscle, 
then the Clagett procedure was not necessary. Otherwise 
no effort was made to completely fill the pleural cavity 
with autogenous tissue. These procedures and their ratio- 
nale have been discussed before. !°-?° 

The thoracotomy was initially closed in 55 patients. 
Thirty-four of the 45 patients in whom the thoracotomy 
was left open were eventually closed. Reasons for not 
closing the chest wall in the remaining |! patients included 
sepsis in 5, recurrent cancer in 4, and patient refusal 
in 2. 


Results 


Thirty-five of the 100 patients had 76 early complica- 
tions (Table 1). Sixty-one complications occurred in 28 
patients in the infected group and 15 complications oc- 
curred in 7 patients in the prophylactic group. There were 
16 operative deaths; 10 occurred within the first 30 days 
after operation and 6 occurred between 35 and 212 days 
but during the initial hospitalization. Twelve deaths oc- 
curred in the 73 patients with infection (16.4%). Cause of 
death in these 12 patients included sepsis in 6 patients, 


TABLE 1. Early Complications in 100 Consecutive Patients 
Undergoing Intrathoracic Muscle Transposition 


No. of 
Complications Patients 
Infected group (73 patients) 

Respiratory failure 16 
Wound infection 14 
Tracheostomy 12 
Postpneumonectomy empyema 4 
Bronchopleural fistula 4 
Flap necrosis 4 
Sepsis 3 
Myocardial infarction 2 
Hemorrhage 2 


Prophylactic group (23 patients) 
Respiratory failure 8 
Tracheostomy 3 
Postpneumonectomy empyema ] 
Bronchopleural fistula i 
Wound infection I 
Sepsis l 


Total 76 
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hemorrhage from the heart or great vessels in 2, adult 
respiratory distress syndrome in 2, and myocardial in- 
farction in 2. Four deaths occurred in the 27 patients 
(14.8%) undergoing prophylactic muscle transposition 
(3 from adult respiratory distress syndrome and 1 from 
sepsis). | : 

The number of operations per patient ranged from | 
to 13, with a median of 2 operations. Forty-five patients, 
however, had only one operation. Multiple operations 
were frequently wound debridements. The number of days 
in the hospital ranged from 1 to 212, with a median of 
26 days. If operative deaths were excluded, the number 
of days in the hospital ranged from 5 to 137, with a median 
of 25 days. The number of days in the hospital after the 
chest wall was closed for operative survivors ranged from 
4 to 135, with a median of 14 days. 

Follow-up of the 84 operative survivors ranged from 
3.4 to 150.7 months, with a median of 41 months. At the 
time of this report, 43 operative survivors have died. Cause 
of death was cancer in 27 patients, cardiac failure in 4, 
pulmonary failure in 3, persistent or recurrent infection 
_ in 3, suicide in 1, and unknown in 5. Forty-one patients 
are alive. Follow-up in these 41 patients has ranged from 
23.2 months to 150.7 months, with a median of 60.9 
months. Thirty-nine patients have no signs or symptoms 
of infection, one with postpneumonectomy empyema has 
a draining chest wall sinus tract, and one with postpneu- 
monectomy empyema has an open pleural window. 

At last follow-up or at the time of death, infection was 
either controlled or avoided, with the initial management 
in 69 patients. An additional four patients (three with 
postpneumonectomy empyema and one with broncho- 
pleural fistula) were salvaged with another intrathoracic 
muscle flap, bringing the overall total number of patients 
successfully treated to 73 (Table 2). Eventually 51 of the 
73 patients in the infected group (69.9%) and 22 of the 
27 patients in the prophylactic group (81.5%) were suc- 
cessfully treated. Also successfully treated were 33 of the 
47 patients (70.2%) who presented with bronchopleural 
fistula and 18 of 28 (64.3%) who presented with post- 
pneumonectomy empyema. The remaining 27 patients 
were all considered failures, eight of whom had their 
pleural cavity open at the time of death. Cause of failure 
were operative deaths in 16 patients and infection in 11. 

Late complications included shoulder discomfort in 
seven patients, three of whom developed significant scap- 
ular winging. One of the latter patients underwent subtotal 
scapular resection without relief of symptoms. Postpneu- 
monectomy empyema developed in six patients, three of 
whom were salvaged with additional open drainage and 
muscle transposition. Recurrent bronchopleural fistula 
and esophageal fistula developed in one patient each, one 
of whom (bronchopleural fistula) was salvaged with an- 


other muscle flap. Three patients developed late tracheal.. 
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TABLE 2. Overall Results According to Indication for Intrathoracic 
Muscle Transposition 


Result 
No. of 
Indication Patients Excellent Failure 
Infected group (73 patients) 
Bronchopleural fistula and 
postpneumonectomy 
empyema 23 15 8 
Bronchopleural fistula 24 
Heart or great vessel 
perforation 1} 18 6 
Esophageal fistula 7 4 
Postpneumonectomy 7 Í 
empyema 5 3 2 
Empyema 2 i l 
Prophylactic group (27 
patients) 
Airway tension 18 13 5 
Intrathoracic radiation 9 9 0 


Total 100 73 27 


stenosis. Each of these latter patients had a tracheal tumor 
that had been previously irradiated. After resection tra- 
cheal dehiscense occurred, which led to stenosis in all three 
patients and fistula in two. All three patients eventually 
died. 


Discussion 


These 100 patients represent a collection of desperately 
ill patients whose clinical conditions have been a thera- 
peutic challenge over the years. In 1916 Robinson wrote 
that ‘certain thoracic diseases which for generations have 
fallen to the lot of the surgeon are yet badly handled. 
Conspicuous among these is that patriarch of the surgical 
scrap heap, chronic empyema. There is obvious oppor- 
tunity for improvement in the treatment....? Certainly 
most of the problems encountered in this group of patients 
qualify for the ‘surgical scrap heap.’ As was true in Rcb- 
inson’s day, we continue to seek a more reliable method 
of managing them. 

Long-term successful management of all these condi- 
tions, most of which have associated empyema, has three 
components: pleural drainage, closure of any associated 
fistula, and obliteration of the residual pleural cavity at 
the time of chest wall closure. Pleural drainage to manage 
empyema and control infection must be done first. If a 
fistula is present, the fistula must be closed and reinforced 
with muscle before obliteration of the pleural cavity and 
closure of the chest wall. The techniques to accomplish 
these three phases have evolved with time and continue 
to undergo modification. 

Early in our experience we obtained pleural drainage 
by chest tube thoracostomy. After salvaging patients who 
failed intrathoracic muscle transposition with a subse- 
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quent muscle flap and open pleural drainage, we gradually 
evolved to open pleural drainage as our preferred initial 
drainage procedure. It is of utmost importance to realize 
that open pleural drainage, muscle transposition, and 
obliteration of the residual pleural cavity must be done 
in a step-wise sequence with no ‘short cuts.’ Progression 
from step-to-step is determined by the condition of the 
wound. 


Step 1. Open drainage of the empyema with closure of 
the fistula. 

Step 2. Intrathoracic muscle transposition. 

Step 3. Repeated pleural dressing changes and me- 
chanical irrigation with observation to insure that the 
muscle has become adherent to adjacent structures and 
that the cavity is clean. . 

Step 4. Obliteration of the pleural cavity by installation 
of antibiotic fluid and secondary closure of the chest wall. 


Failure in our experience results from one or more of 
the following: recurrence of the fistula, closure of a grossly 
contaminated pleural space, or loss of antibiotic fluid 
through a poorly sealed chest wall. 

Clearly intrathoracic muscle transposition is the pivotal 
point that determines success. In the past recurrence of 
these conditions frequently followed dehiscense of the re- 
paired viscus. Well-vascularized striated skeletal muscle 
prevents dehiscense and is an excellent tissue to transpose 
into the thorax. The experience in recent years has amply 
demonstrated that muscle behaves very favorably when 
placed in contaminated wounds.'**!*4 Not only will 
muscle seal a repaired hollow viscus, but muscle will also 
obliterate small residual pleural space and may potentially 
increase antibiotic levels to an isolated pleural cavity.'° 

The usual method of open pleural drainage is limited 
resection of one or two ribs in the most dependent portion 
of the pleural cavity with suturing of the skin edges to the 
underlying pleura. This procedure was described by Rob- 
inson in 1916? and later by Eloesser in 1935% and has 
evolved into our current practice of leaving open the entire 
thoracotomy, which, in our opinion, allows for more 
thorough debridement of all recesses of the pleural space 
and detection of occult fistulae. 

Leaving the thoracotomy open is generally well toler- 
ated, even in the critically ill patient, and discomfort is 
often no more than that experienced with the smaller open 
pleural window. Usually the patient can breathe sponta- 
neously, and early extubation is often possible if there is 
no persistent bronchopleural fistula. Mediastinal flutter 
has not been observed in our patients, probably because 
the pleural cavity is packed with gauze, which tends to 
stabilize the mediastinum. Dressing changes usually can 
be accomplished without intravenous sedation after the 
first few days. 
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Confusion exists about whether the chest should be 
closed primarily or left open. When muscle transposition 
is used prophylactically to reinforce a tracheal or bronchial 
anastomosis in a noncontaminated thorax; we close the 
thoracotomy at the time of muscle transposition. If, how- 
ever, an empyema is present in association with a fistula 
of the esophagus or airway or with a perforation of the 
heart and great vessels, we prefer to leave the thoracotomy 
open for dressing changes after muscle transposition. This 
is especially true if there is an associated postpneumo- 
nectomy empyema. Smaller empyemas with entrapped 
lung, however, may be successfully treated by decorticated 
and muscle transposition without open drainage. But if 
decortication does not allow full expansion of the lung 
and complete obliteration of the cavity, we tend to leave 
the thorax open. In this last situation prolonged mechan- 
ical ventilation is often necessary. 

Meticulous attention to the condition of the pleura at 
the time of dressing change is critical to successful out- 
come. Frequent debridement is mandatory. The muscle 
must eventually adhere to the viscus to prevent recurrence 
of the fistula. Gentle pressure of the packing against the 
muscle flap, combined with limited dressing changes in 
the operating room during the first few days after trans- 
position, will prevent collection of hematoma and exudate 
between the muscle and repaired viscus to ensure adher- 
ence. When the transposed muscle becomes adherent to 
the mediastinum, the pack is changed in the patient’s 
room three to four times daily, more frequently if drainage 
is excessive. Additional cleansing at these dressing changes 
is also obtained with a pulsatile hand-held shower head 
or water pik. 

The serratus anterior, latissimus dorsi, and pectoralis 
major muscles are used in the majority of intrathoracic 
transpositions. All three muscles have a large, dominant 
blood supply that ts the axis of the muscle flap. The mus- 
cles are generally transposed by dividing all of their chest 
wall attachments. The latisstmus dorsi and the pectoralis 
major muscles result in little cosmetic or functional defect. 
Transposition of the serratus anterior muscle, however, 
results in some degree of scapular winging. To minimize 
this latter complication, the serratus anterior muscle is 
carefully dissected to preserve intact the top two to three 
slips of muscle whenever possible. Three of our patients 
had marked winging of the scapula, which was very ag- 
gravating. One of these patients had subtotal scapular re- 
section but discomfort and dissatisfaction with winging 
still persisted. Nonetheless we believe that in the majority 
of patients the scapular winging is a reasonable trade off 
for the gain that can be achieved in control of thoracic 
infection. One additional consideration regarding the ser- 
ratus anterior muscle is that a previous standard postero- 
lateral thoracotomy rarely divides more than just the lower 
one fifth of the muscle, leaving the majority of the muscle 
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intact for subsequent transposition. The serratus anterior . 


muscle is our muscle flap of choice for most of these con- 
ditions and was used in nearly one half of our patients. 

The authors emphasize that muscles, in general, are 
transposed into the chest to reinforce closure of leaks and 
that the primary goal of the muscle is to prevent recurrence 
of the fistula and not to obliterate pleural dead space. It 
is Our opinion that large pleural spaces after pneumonec- 
tomy cannot be completely obliterated with autogenous 
tissue, as suggested by Miller et al.,!° and we do not rec- 
ommend this approach. Nor do we use thoracoplasty for 
the same reason. Instead we believe this problem is best 
handled by secondary closure of the chest wall after first 
filling the pleural cavity with an antibiotic solution as - 
scribed originally by Clagett and Geraci in 1963,7° a 
modified by us.!”!?-?! However if a residual pleural Bon 
is small (less than 300 cc), a secondary benefit of the mus- 
cle is obliteration of this space. 

We believe that when confronted with a life-threatening 
intrathoracic infection, muscle flaps present an excellent 
opportunity to salvage a number of otherwise hopeless 
patients. When basic general surgical and wound healing 
principles are followed, intrathoracic muscle transposition 
can control these potentially tragic situations in approx- 
imately 75% of the patients. We urge their consideration. 
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aortic arch and in three patients with aortoesophageal fistulae. Viable 
tissue coverage of grafts using mobilized local structures in 18, omentum 
in 9, muscle in 9, and musculocuntaneous flaps in 2 were used in the 
former and mobilized omentum was used to close the esophagus and to 
wrap the graft in the latter. Initial high-dose intravenous antibiotics fol- 
lowed by lifetime oral suppression antibiotic therapy was used in all 
patients. Eighty per cent of the former and all of the latter patients were 
early survivors. Follow-up ranging from 3 months to 6.5 years indicated 
that 75% were alive and without signs of infection complications. All 
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' Jate deaths were for reasons other than complications of infection. Con- 


sequent to this experience, we now adhere to the principles of viable 
tissue coverage of graft or operative site in patients with aortic graft 
infection combined with permanent suppression antibiotic therapy. 
Thus we conclude that viable tissue coverage, as these authors have 
shown, combined with long-term suppression antibiotic therapy permits 
successful treatment of these serious forms of disease. 


DR. RICHARD B. MCELVEIN (Birmingham, Alabama): As you heard, 
Dr. Arnold has presented, in conjunction with Dr. Pairolero, an eloquent 
description of his technique of the management of a group of difficult 
patients who justify the notation by Robinson in 1915 that chronic em- 
pyema is at the top of the surgical scrap heap. 

I urge you not to be dismayed by the operative mortality rate of 16%; 
by the number of operations required (from | to 13); by the number of 
complications encountered (76); or by the ultimate deaths of about one 
half of the patients who succumbed to their primary disease. These adverse 
events are balanced by the survivors who have been converted from a 
miserable existence to productive citizens. 

There are several messages in this presentation that need emphasis. 

First, staging the management of these patients is effective. Do not 
attempt to remedy all the patients’ problems with one single operation. 

Second, despite the critical condition of many of these patients, they 
can and should be helped. And third, and probably most important, the 
cooperation between surgical disciplines, in this case thoracic surgery 
and plastic surgery, can result in superior care. 

I would remind the audience that there are other ways of managing 
these patients, including prophylaxis, thoracic omentum, pleura, peri- 
cardium, diaphragm, and intercostal muscle. In the cases of severe in- 
fection and bronchopleural fistula, some of these are not feasible, but 
intercostal muscle and omentum are still available. 

At the University of Alabama, Birmingham, we have had much less 
experience than the authors of this paper in the use of muscle flaps, but 
with the excellent cooperation of our plastic surgery colleagues we use 
them in conjunction with other methods just mentioned. 

We have found that muscle flaps do live up to their reputation as 
described here today. 

] have three questions for the authors. You describe in your paper 
and in the presentation today step 1 of open drainage with closure of 
the fistula. Would you accept the modification or premise of a step I-A 
followed by a step I-B closure of the fistula, rather than trying to accom- 
plish both at one time? 

Do you use anything besides muscle flaps for these problems or do 
you use them exclusively? Should we abandon the use of other techniques? 

What is your recommendation for treating a patient with a broncho- 
pleural fistula and empyema after a radical exitrapleural pneumonectomy 
for malignant mesothelioma with Marlex and Gortex mesh used for 
replacement of the entire hemidiaphragm and a portion of the pericar- 
dium, all remaining in the thorax? Must all that foreign material be 
removed, as this would increase the risk of the operation considerably? 


Dr. FRANK SPENCER (New York, New York): I have read this the 
authors’ manuscript carefully to analyze the data because different diseases 
were treated. The majority were bronchopleural fistulae; there were 8 
esophageal fistulae, and 10 or i! problems involving cardiovascular 
structures. 

Approximately 25% of the data involved prophylactic operations. I 
don’t know how this can be evaluated because the technique is being 
done to prevent something that might or might not have happened. 
Thus the meaningful data involves about 75 patients. 

All of us should be very grateful for the detailed analysis of this very 
dificult group of patients. The results are gocd but clearly not the ideal 
solution. The question I will conclude with ts ‘Congratulations, but how 
can you do better?’ 

The serious nature of the problem is clearly shown by the high mortality 
rate. There were 16 operative deaths; 43 of the operative survivors sub- 
sequently died, 27 of whom had cancer. l 

There are three principles that Dr. Arnold has outlined very well: close 
the fistulous opening, insert the muscle flap, and treat the dead space. 

The muscle flap is one of the most dramatic developments in thoracic 
and other forms of surgery made in the past decade. It was developed 
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with detail with Dr. Jurkiewicz and his group at Emory University in 
Atlanta. It is an astonishing biologic fact that one can place muscle into 
an area contaminated with pus and obtained healing in a high percentage 
of cases. As Stanley Crawford has shown, this is the only technique that 
has been used successfully with an infected suture line in the aorta. Other 
techniques usually result in a very high mortality rate from recurrent 
infection at the aortic suture line. 

What to do with the dead space remains a question. Several deaths in 
the reported series seemed to occur from either recurrent infection and 
sepsis or respiratory problems, a frequent combination in debilitated 
patients with an open wound. I doubt that betadine irrigation is the ideal 
method because of its harmful effect on granulating tissue. My preference, 
based on experiences from past years but not from recent data, would 
be to apply the muscle flap and then obliterate the remaining dead space 
with a thoracoplasty. A thoracoplasty was the backbone of thoracic surgery 
for many years; the only objection is cosmetic. Obviously there is some 
deformity, but this is a minor consideration in treating a condition with 
a 30% to 40% mortality rate. The Clagett procedure works well if the 
patient lives long enough to permit its completion. 

A crucial principle of management of these desperately ill catabolic 
patients is maintenance of adequate caloric and protein nutrition. This 
is a difficult problem because the patients often will not eat enough. Our 
fundamental approach with all debilitated catabolic patients is to tabulate 
the daily caloric and protein intake on a sheet of paper conspicuously 
attached to the wall at the bedside (called ‘wall paper’ in house staff 
jargon); having these data visually displayed for evaluation by each 
member of the patient-care team greatly facilitates on-going decisions 
about how much supplemental caloric and protein intake is required, 
either by mouth or parenterally. 

The importance of this technique is also based on the physiologic fact 
that there is no convenient way to measure protein pool depletion. A 
patient who is already protein depleted may maintain a minimal daily 
diet for maintenance but still remain protein depleted days or weeks 
later, with the consequent effects of decreased resistance to infection and 
poor wound healing. 

Finally, as Dr. McElvein previously asked, ‘Should omentum be used 
more widely?’ No one knows at this time. Grillo published experiences 
with 80 cases 2 years ago in which dramatic results were obtained in a 
few patients with infected vascular suture lines and bronchopleural fis- 
tulae. Lack of familiarity with the technique, combined with fear of 
contaminating the abdominal cavity, are probably the two reasons 
omentum has not been evaluated in more detail. It remains an important 
question for future investigation. 

In closing, I appreciate the opportunity to study the manuscript, con- 
gratulate the authors on their work, and hope they can obtain even better 
results in the future. 


Dr. PETER C. PAIROLERO (Closing discussion): Dr. Crawford, you 
are absolutely correct. These patients are not DRG winners. From your 
discussion, however, I know that we do not have to convince you that 
intrathoracic muscle transposition is a reasonable alternative in patients 
with intrathoracic infection. We agree that the principles you demon- 
strated here are correct, and we, too, have used them. 

Muscles have certain advantages over the omentum. They do not 
require a laparotomy to harvest. Consequently, contamination of a second 
visceral cavity is avoided. Muscle also has more structural stability while 
at the same time is nearly as malleable as omentum. Thus most muscles 
are malleable enough to easily wrap around structures while at the same 
time are strong enough to successfully occlude an open bronchial stump. 

We have chosen specifically to limit use of the rectus abdominis muscle 
because this muscle’s neurovascular leash is based on the internal mam- 
mary artery, which, in some patients, is not available because of previous 
coronary artery bypass surgery or sternotomy infection. 

Dr. McElvein, we agree with you that open pleural drainage is the key 
to eventual success. Whether you close the bronchopleural fistula at the 
time of drainage or later depends on the size of the fistula. Certainly 
small fistulae can be closed electively at any time. Large fistulae, on the 
other hand, mandate closure at the time of open drainage. 

Finally, muscle is a good alternative treatment for the case that you 
just presented. I believe, however, that all prosthetic material, including 
the diaphragm, must be removed to successfully treat your patient. On 
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several occasions we have reconstructed the diaphragm by transposing 


the external oblique muscle into the thorax to buttress against the re- ` 


maining original diaphragm. The pericardial problem that you presented 
is intriguing. The mesh probably will also have to be removed. Whether 
the pericardium subsequently must be closed would depend on how 
adhesive the heart was to the remaining pericardium. I doubt if muscle 
would be necessary to close the pericardial defect, but if it were, both 
the rectus abdominis and serratus anterior muscles will reach that location. 
The rectus abdominis muscle would have the added advantage of also 
transposing the rectus sheath fascia to firmly close the pericardium. 

We also have used muscle flaps in patients who have had life-threat- 
ening hemorrhage from the heart or great vessels. Five of our 12 patients 
were fatally bleeding and were being treated by other surgeons when we 
were called into the operating room. Like Dr. Crawford’s series, we 
achieved long-term salvage in two of these patients. We also have used 
muscles to cover exposed vascular grafts in cardiac surgery, such as in 
the Fontan procedure, and in peripheral vascular surgery. 

We have used muscles flaps in selected patients prophylactically, most 
often to reinforce airway anastomoses closed under increased tension. 
We were concerned that these anastomoses would dehisce, and indeed, 
that was the case in 5 of our 18 prophylactic patients. 

I would like to mention that intrathoracic muscle transposition is not 
new. Here is the title page of an article published in Surgery, Gynecology, 
and Obstetrics in 1916. Samuel Robinson, the author of this 1916 article, 
wrote that ‘Certain thoracic diseases which for generations have fallen 
to the lot of the surgeon are yet badly handled. Conspicuous among these 
is that patriot of the surgical scrap heap, chronic empyema. There is 
obvious opportunity for improvement in the treatment of this disease.’ 
This statement is equally true today as it was in 1916. 

More amazing is the operative procedure that Robinson described. 
He made a U-shaped skin incision over the chest wall, which included 
the latissimus dorsi muscle. After the myocutaneous flap was mobilized, 
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the empyema cavity was entered by removing the overlying ribs and 
debrided. The latissimus muscle was then separated from the skin and 
subcutaneous tissue and placed in the cavity. The-skin edges were then 
approximated to the edge of the cavity. This procedure, except for in- 
trathoracic transposition of the latissimus dorsi muscle, is exactly the 
procedure that Leo Eloesser described nearly 20 years later in 1935 and 
that has subsequently become known as the ‘Eloesser flap.” Obviously 
Eloesser was not the first to do the procedure that bears his name. 

Another important date in the history of intrathoracic muscle trans- 
position is 1938 when Howard Gray described making a smal! chest wall 
window through which extrathoracic muscles could be passed into the 
chest. 

And then, of course, in 1963 Dr. Jim Clagett described the procedure 
used today by many thoracic surgeons to manage postpneumonectomy 
empyema: open pleural drainage to control the pleural space infection 
followed by obliteration of the pleural space with antibiotic solution at 
a later date. We prefer the Clagett procedure and close the chest wall 
wound when the pleural cavity is clean and there is no evidence of gross 
exudate. We do not use thoracoplasty because it is only a partial solution 
to the problem. Thoracoplasty does nothing for associated bronchopleural 
fistula and only partially obliterates the pleural space. 

We, of course, had been aware of the Clagett procedure, and although 
Robinson and Gray were also Mayo Clinic surgeons, we discovered their 
work serendipitously. Mr. Vince Destrow from our Medical Graphic 
Department found these. old illustrations when he was categorizing and 
digitizing all of Mayo’s old art work for the computer. He found Gray’s 
drawing and thought that it was similar to an illustration that he had 
just completed for P. G. Arnold and me. Mr. Destro went to the library, 
located Dr. Gray’s 1938 paper, and from that article discovered the 1916 
reference for Robinson. | believe this is the first time that Robinson’s 
original illustrations have been shown at a major surgical meeting in 75 
years. 
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WARNINGS—Careful inquiry should be made for a history of hypersensitivity re- 
action to any antibiotic or other drugs. Antibiotics should be given with caution to 
any patient who has had some form of allergy, particularly to drugs. It is 
recommended that patients who have had immediate hypersensitivity reactions 
(e.g., anaphylactic or urticarial) to penicillins and/or cephalosporins should be 
followed with special care. If an allergic reaction to aztreonam occurs, discon- 
tinue the drug and institute supportive treatment as appropriate (e.g., mainte- 
nance of ventilation, pressor amines, antihistamines, corticosteroids). Serious 
hypersensitivity reactions may require epinephrine and other emergency 
measures. 


PRECAUTIONS—General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is 








"Efficacy for this organism in this organ system was studied in fewer than ten 
infections. 


Azactam 


aztreonam 


used concurrently with aztreonam, especially if high dosages of the former are 
used or if therapy is prolonged, renal function should be monitored because of 
the potential nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The 
use of antibiotics may promote the overgrowth of nonsusceptible organisms, in- 
cluding gram-positive organisms and fungi. Should superinfection occur during 
therapy, appropriate measures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility—Carcinogenicity studies 
in animals have not been performed. Genetic toxicology studies performed in vivo 
and in vitro with aztreonam in several standard laboratory models revealed no 
evidence of mutagenic potential at the chromosomal or gene level. Two-generation 
reproduction studies in rats at daily doses up to 20 times the maximum 
recommended human dose, prior to and during gestation and lactation, revealed 
no evidence of impaired fertility. There was a slightly reduced survival rate during 
the lactation period in the offspring of rats that received the highest dosage, but 
not in offspring of rats that received five times the maximum recommended hu- 
man dose. 


Pregnancy—Pregnancy Category B: Aztreonam crosses the placenta and enters 
the fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 
and 5 times, respectively, the maximum recommended human dose, revealed no 
evidence of embryo- or fetotoxicity or teratogenicity. No drug induced changes 
were seen in any of the maternal, fetal or neonatal parameters that were monitored 
in rats receiving 15 times the maximum recommended human dose of aztreonam 
during late gestation and lactation. There are no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, aztreonam should be used during pregnancy only 
if clearly needed. 


Nursing Mothers—Aztreonam is excreted in breast milk in concentrations that 
are less than 1% of concentrations determined in simultaneously obtained mater- 
nal serum; consideration should be given to temporary discontinuation of nursing 
and use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and 
children. 


ADVERSE REACTIONS—Local reactions such as phlebitis/thrombophlebitis fol- 
lowing IV administration, and discomfort/swelling at the injection site following IM 
administration occurred at rates of approximately 1.9% and 2.4%, respectively. Sys- 
temic reactions (considered to be related to therapy or of uncertain etiology) oc- 
curring at an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and 
rash. Reactions occurring at an incidence of less than 1% are listed within each 
body system in order of decreasing severity: Hypersensitivity—anaphylaxis. 
Hematologic—pancytopenia, neutropenia, thrombocytopenia, anemia, leukocyto- 
sis, thrombocytosis. Gastrointestinal— abdominal cramps; rare cases of C. difficile- 
associated diarrhea, including pseudomembranous colitis, or gastrointestinal 
bleeding have been reported. Dermatologic—purpura, erythema multiforme, urti- 
caria, exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular—hypo- 
tension, transient ECG changes (ventricular bigeminy and PVC). Respiratory—one 
patient experienced flushing, chest pain, and dyspnea. Hepatobiliary—hepatitis, 
jaundice. Nervous System—seizure, confusion, vertigo, paresthesia, insomnia, diz- 
ziness. Musculoskeletal—muscular aches. Special Senses—tinnitus, diplopia, 
mouth ulcer, altered taste, numb tongue, sneezing and nasal congestion, halito- 
sis. Other—vaginal candidiasis, vaginitis, breast tenderness. Body as a Whole— 
weakness, headache, fever, malaise. 


Adverse Laboratory Changes—Those reported without regard to drug relation- 
ship during clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), 
and alkaline phosphatase; signs or symptoms of hepatobiliary dysfunction oc- 
curred in less than 1% of recipients (see above). Hemic—increases in prothrom- 
bin and partial thromboplastin times, eosinophilia, positive Coombs test. 
Renal—increases in serum creatinine. 


OVERDOSAGE-—If necessary, aztreonam may be cleared from the serum by 
hemodialysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION—Dosage adjustments are recommended for 
patients with impaired renal function. In elderly patients, estimates of creatinine 
clearance should be obtained and appropriate dosage modifications made if 
necessary. 


HOW SUPPLIED—AZACTAM For Injection (Aztreonam For Injection)—Lyophilized— 
is supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single- 
dose 30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous 
infusion bottles containing 500 mg or 1g or 2 g/bottle. 
Consult package insert before prescribing AZACTAM (aztreonam). 
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Translocation of intestinal bacteria to the blood during hemor- 
rhagic shock (HS) has been confirmed in rats and humans. The 
current study was designed to trace the path of translocated in- 
testinal bacteria in a murine HS model. Thirty-one rats were 
gavaged with 1,000,000 counts of viable '“C oleic acid-labeled 
Escherichia coli. Forty-eight hours later the animals were bled 
to 30 mmHg until either 80% of their maximal shed blood was 
returned or 5 hours of shock had elapsed and they were resus- 
citated with Ringer’s lactate as previously described. Control 
animals were cannulated but not shocked. Eight rats immediately 
after shock and resuscitation, 6 rats 24 hours after shock, 3 rats 
48 hours after shock, and 4 animals that died in shock had their 
heart, lung, liver, spleen, kidney, and serum harvested, cultured, 
and radioactive content measured. Translocated enteric bacteria 
are found primarily in the lung immediately after shock with 
redistribution to the liver and kidney 24 hours later. Animals 
surviving to 48 hours were capable of eliminating the majority 
of the bacteria from their major organ systems. Positive cultures 
for E. coli were also found in the blood, lung, liver, and kidney. 
We speculate that the inflammatory response stimulated by the 
bacteria in these organs may contribute to the multiple-organ 
failure syndrome seen after HS. 


trauma, and endotoxin on the translocation of 

enteric flora to mesenteric lymph nodes, liver, and 
spleen in rats | to 7 days after insult.'? Sori et al.? have 
demonstrated the acute migration of gut flora into the 
bloodstream during and after hemorrhagic shock. Rush 
et al.* have found a similar egress of enteric bacteria into 
the blood of traumatized humans. There seems to be in- 
creasing acceptance of the concept that translocation of 
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bacteria from the gut in shocked subjects may contribute 
to the subsequent development of sepsis. 

We have developed a technique for labeling enteric or- 
ganisms and tracing their distribution through major or- 
gan systems.’ The ensuing study was designed to test the 
assumption that translocated enteric bacteria have a de- 
finable pattern of distribution within the major organ sys- 
tems and that this pattern will change over time in subjects 
who survive the injury. 


Materials and Methods 


Thirty-one male Sprague Dawley rats weighing between 
350 and 450 g (Taconic farms, Germantown, NY) were 
maintained in a climate-controlled environment with food 
and water ad libitum. Escherichia coli were labeled with 
carbon 14 oleic acid as previously described.°® Briefly, a 
i-mL aliquot of an overnight E. coli K 12 C600 culture 
was added to 100 mL of nutrient broth and incubated at 
37 C for 2 hours to achieve exponential growth. The bac- 
teria were then incubated in nutrient broth containing 25 
uCi of l-carbon 14 oleic acid (New England Nuclear, 
Boston, MA) complexed with 20% bovine serum albumin 
for 3 hours. Bacteria were then harvested by centrifuga- 
tion, washed, and resuspended with normal saline. The 
bacteria were again incubated in fresh media for an ad- 
ditional 90 minutes to remove free labeled fatty acid. After 
overnight refrigeration at 4 C the cells were collected and 
washed with 0.2 mL of sterile 20% bovine serum albumin 
and then washed three times with normal saline. The ra- 
diolabeled E. coli were resuspended in normal saline and 
the number of cells were estimated by observation of the 
optical density at 550 nm (3 X 10? cells equals 1.0 OD). 


The resuspended bacteria were diluted to a final concen- 
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tration of 1,000,000 counts per minute per milliliter of 
suspension. | 
All animals were gavaged with '*C-labeled ŒE. coli at 
time.zero under light ketamine anesthesia. Twenty-four 
hours after gavage the femoral artery was cannulated with 
polyethylene 50 tubing. The cannula was tunneled to the 
mid-subscapular area and connected to a harness. The 
animals were maintained during the ensuing 24 hours on 
20% dextrose in lactated Ringer’s (D20 LR) with 10 units 
heparin per milliliter at 0.113 mL/g body weight/day (their 
daily requirement of fluid and calories). Forty-eight hours 
after gavage, the animals were subjected to unanesthetized 
unrestrained hemorrhagic shock to 30 mmHg. The mean 
arterial pressure (MAP) was maintained at 30 mmHg by 
reinfusion of shed blood as necessary until 80% of their 
maximal shed blood was returned or 5 hours had elapsed. 
After shock residual shed blood was returned supple- 
mented with Lactated Ringer’s (LR) solution as needed 
to restore their MAPs to 80 mmHg or until a volume of 
LR equal to their maximal shed blood had been infused. 
Control animals were cannulated but not shocked. An- 
imals surviving shock (80%) were then assigned randomly 
either to be killed after shock (PS, n = 8) or maintained 
after shock at two times their daily requirements of fluid 
and calories. Four of the animals that died in shock (DIS) 
were harvested immediately. Of the remaining animals 
surviving shock, six rats survived to be killed at 24 hours 
(24PS), and three were alive at 48 hours (48 PS). Hearts, 
lungs, livers, spleens, kidneys, and sera were harvested 
from the animals that were killed. Cultures of blood and 
lung tissue were obtained. Fifty-milligram stool samples 
were aliquoted for counting. One gram of stool was cen- 
trifuged and the supernatant counted to determine the 
extent of disassociation of labeled fatty acid after passage 
through the gastrointestinal tract. One gram of tissue (or 
the entire organ if less than | g) from each organ was 
solubilized and homogenized in 4 mL of PROTOSOL 
(New England Nuclear, Boston, MA) overnight at room 
temperature. Aliquots (0.5 mL) of tissue/PROTOSOL 
homogenate were placed in a scintillation vial and mixed 
with 20 ul of 30% hydrogen peroxide. After bleaching, 
200 uL of 1 N hydrochloric acid was added to all vials to 
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neutralize the solution. One hour later 10 mL of ECOLO- 
LUME (ICN Biomedicals Inc., Irvine, CA) scintillation 
fluid was added to all vials. The vials were allowed to 
remain at room temperature for 1 day to decrease che- 
miluminescence and were then counted in a Packard Tri- 
carb 300 (Packard Instrument Co., Downers Grove, IL) 
scintillation counter. A blank vial was prepared using the 
same method excluding the tissue sample. The raw data 
was passed through a Log transformation and then ana- 
lyzed using analysis of variance (ANOVA) and the Stu- 
dent-Newman-Keuls (SNK) t test. Probability values equal 
to or less than 0.05 were considered significant. 


Results 


The concentrations of radiolabeled E. coli found in the 
organs immediately after shock and at 24 and 48 hours 
after shock are listed in Table 1. As emphasized in Figure 
1, the majority of translocated bacteria were found in the 
lungs immediately after shock. A redistribution of the 
translocated bacteria was noted 24 hours after resuscita- 
tion from shock with most activity in the kidney and liver. 
Simultaneously counts in the lung were significantly de- 
creased. Organs from animals surviving to 48 hours after 
shock had no significantly higher levels of activity than 
did the organs from the cannulated control animals. The 
serum was free of any notable concentration of label 24 
and 48 hours after shock. . 

Cultures from the blood, lungs, livers, and kidneys 
immediately after shock and in the 24-hour group were 


' similar in their predominance of Enterbacteraceae and 


Enterococcus but, as illustrated in Figure 2, the cultures 
differed quantitatively. These data represent the accu- 
mulation of all cultures from all organs. Eighty-five per 
cent of the immediate postresuscitation cultures were 
positive, but only 65% were positive at 24 hours, and in 
no 48-hour survivor was a positive culture obtained. Stool 
radioactivity after shock and at 24 hours after shock con- 
tained at least 2000 counts per minute per 50 mg. Only 
background levels of radioactivity were obtained from the 
supernatant of the stool assayed after the experiment, thus 
indicating that significant dissociation of the fatty acid 
label from the organisms had not occurred. 


TABLE |. Mean Counts per Minute (CPM) per Gram of Tissue + SEM 


Time n Heart Lung Liver Spleen Kidney Serum 
C 10 44+ Íl 65+ 15 70+ 6 52+ 4 60+ 10 50+ 5 
DIS 4 276+ 62* 459 + 138* 187+ 23 278 + 43* 638 + 227* 198 + 51* 
PS 8 286 + 113* 3709 + 84} 284+ 47* 106+ 4% 170+ 20 948 + 867 
24PS 6 323 £131" 1150 + 272* 2590 + 758ċ 180+ 44* 2713 + 682¢ 115 + 37 
48PS 3 187 + 114 231 + 148 282 + 189 195 + 161 391 + 299 28+ 1.8 





Observed radioactivity from each organ over time-studied time inter- 
vals. 

* = p < 0.05 compared to control. 

+t = p < 0.05 compared to 24PS, and control. 


t = p < 0.05 compared to PS, and control. 
C, cannulated control; DIS, died in shock; PS, immediately after shock; 
24PS, 24 hours after shock; 48 hours after shock. 
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Fic. 1. Distribution of radio- 
labeled E. coli immediately 


and 24 hours after hemor- 


rhagic shock. Activity in 
counts per minute (CPM) per 
gram of tissue or milliliter of 
serum. 
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Discussion 


Publications from Polk’s’ laboratories in the 1970s fo- 
cused attention on sepsis as the major cause of multisys- 


FIG. 2. Relationship between 
time interval after hemor- 
rhagic shock and proportion 
of animals who will have 


- positive cultures. 
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tem organ failure after severe trauma. Subsequently it be- 
came apparent that multisystem organ failure occurred 
in patients without identifiable septic foci.”* In the 1980s 
Berg et al.' and Wells et al.’ presented evidence for intes- 
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tinal bacterial translocation to mesenteric lymph nodes 
after stress, burns, protein-calorie malnutrition, and al- 
terations in normal gut flora. Sori et al.’ identified the gut 
as a source of bacteremia in a hemorrhagic shock model 
by using radiolabeled Æ. coli to identify the enteric source 
of recovered blood-borne micro-organisms after shock. 
Rush et al.* and Koziol et al.'° recorded positive blood 
cultures in humans and rats during and immediately after 
hemorrhagic shock and resuscitation. 

Using Sori’s technique we have identified the organs 
in which the radiolabeled enteric bacteria are trapped both 
immediately after shock and for 2 days thereafter. We 
found the majority of radioactivity in the lung immedi- 
ately after shock and resuscitation. There was also a sig- 
nificant concentration of labeled organisms in the blood, 
liver, and spleen after hemorrhagic shock. These findings 
are consistent with our previous observations of positive 
blood cultures in humans and rats after a hypotensive 
insult.** We speculate that the route of bacterial trans- 
location is through lymphatics into the right side of the 
heart and then to the lung. The pulmonary vascular bed 
would then represent the first capillary system in which 
the translocated bacteria encounter circulating phagocytic 
cells. Further support for this hypothesis is provided by 
our finding of lower initial activity in the liver. We did 
not examine the mesenteric lymph nodes in this series of 
experiments because this has been done by many other 
authors. Others have suggested that activated neutrophils 
may be responsible for tissue damage subsequent to isch- 
emia.’ It is possible that the translocated bacteria may 
serve as one stimulus for neutrophil activation after hem- 
orrhagic shock. 

Twenty-four hours after shock and resuscitation much 
of the activity has left the lungs and can be found in sig- 
nificantly higher concentrations in the liver and kidneys. 
It is also interesting to note that 24 hours after the initial 
hemorrhagic shock insult the serum is essentially free of 
radioactivity, suggesting that the gut barrier has been re- 
stored and is no longer permeable to bacteria. The 15% 
of animals that survived 48 hours after the shock period 
were unique in their lack of significant traces of labeled 
bacteria in any organ and in their sterile culture results 


DISCUSSION 


Dr, EDWIN A. DEITCH (Shreveport, Louisiana): Although I agree with 
Dr. Rush that gut barrier failure and the subsequent translocation of 
endotoxin and bacteria to systemic tissues and organs is likely to be 
important in the pathogenesis of the multiple-organ failure syndrome, 
other factors, such as cytokines, ischemia, or oxidants, also may be im- 
portant. For example, it is clear that if one does not supply adequate 
amounts of oxygen to the tissues for prolonged periods of time, tissue 
injury will occur. This concept may be important in interpreting the 
results of these experiments because Dr. Rush’s model is a combined 
injury model of systemic ischemia plus translocation. In this model, the 
animals experience 5 hours of shock and thus all organs, including the 
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(Fig. 2). We believe that the ability to eliminate translo- 
cated bacteria is coincident with and perhaps contributory 
to survival. 

We found that an acute translocation of gut flora occurs 
during hemorrhagic shock. The presence of translocated 
enteric organisms in the lungs and kidneys after hemor- 
rhagic shock may provide a portion of the stimulus leading 
to tissue damage attributed to inflammatory cells and their 
products after an ischemic insult. Translocation from the 
gut appears to stop shortly after resuscitation after shock. 
Finally animals that survive the septic insult after hem- 
orrhagic shock will eliminate the translocated bacteri 
from their organs. i 
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lungs, kidneys, and liver as well as the gut, mav be injured independent 
of bacterial translocation. In addition the organs are exposed to trans- 
locating bacteria and endotoxin, which may exacerbate the extent of 
shock-induced organ injury. Therefore my first question for Dr. Rush is 
how will you separate the effects of hypoerfusion from the effects of 
translocation on organ injury? For example, one could say that the greater 
increase in pulmonary bacterial sequestration is due to the fact that liver 
RES activity is impaired and not primarily due to the spread of bacteria 
through the lymphatics into the right atrium rather than through the 
portal circulation, as hypothesized in the manuscript. I raise this question 


because in selective cannulation experiments we have found that portal 


bacteremia is greater than lymphatic bacteremia in some models of bac- 
terial translocation. l 
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My second question concerns the stability of the binding of the ra- 
diolabel to the bacteria. The advantage of using radiolabeled bacteria is 
that this may be a better indicator of the magnitude of bacterial trans- 
location than that obtained only by culturing the organs. However, one 
potential liability of this methodology is that the radiolabel may be re- 
leased from the bacteria, either within the gut lumen or after bacterial 


processing by phagocytes. Because the organs were cultured as well as ` 


counted for radioactivity, would you please supply us with information 
on the relationship between the number of Escherichia coli actually cul- 
tured versus the number of E. coli that were present in these organs based 
on radioactivity. 


DR. TIMOTHY FABIAN (Memphis, Tennessee): I agree this is a very 
fine, interesting piece of work that the authors have done. We have been 
involved in similar rat studies with hemorrhagic shock during the last 
year or so, and I want to compare our data. We are now doing a pro- 
spective human trial of patients who have undergone laparotomy for 
trauma and culturing the peritoneal cavity, lymph nodes, and portal 
vein, hoping that this will shed some light on translocation in the human 


' population. 


The authors are addressing two specific areas. One ‘is the route of 
translocation, and the other is its possible importance in the development 
of multiple-organ failure, which was alluded to yesterday in another 
presentation. 

First, the data 24 hours after shock suggest that the initial route is not 
through the liver but through the right heart, with subsequent systemic 
seeding, These data differ from Dr. Deitch’s, but this is a different model, 
one that examines hemorrhagic shock rather than starvation, burns, or 
other insults. This is similar to the data we found in a hemorrhagic 
model-—that the highest culture yield was, indeed, in the peritoneal cavity 
rather than in the portal blood. 

How do you determine that the bacteria are viable, which is essentially 
the same thing Dr. Deitch is asking? I believe you are beginning to tread 
on thin ice when you assume that because the 48-hour animals had fewer 
colony counts (1) translocation had stopped, and (2) because of this the 
animals survive. Both of these may be true, but they are not necessarily 
related. On the contrary, I suspect what you are observing is a biologic 
variation; these rats are tough little devils. They are the 15% that survived 
the entire experiment. They are not comparable to animals surviving a 
shorter time. They are different. When I was a resident, we had a staff 
person who, when we got a little cocky abcut taking some sick cases 
successfully through surgery, would look at us and say, “Remember, 
some people are so tough that the only way to kill one is to jerk off his 
head—and hide it someplace where he can’t find it!” I think that may 
be analogous to your 48-hour survivors. 

I also admit that I am somewhat skeptical of the direct effect of trans- 
location on outcome, and I suspect that is more a marker of GI failure; 
nonetheless, however, I do applaud this work and that of Deitch and 
others. One could look at this whole area and, instead of seeing the 
doughnut, see the hole. 

But on the contrary, I think this study focuses on some very important 
questions. It’s like the space program. It wasn’t really too important 
when we got to the moon. We haven’t really gained much directly from 
it, but a tremendous number of spinoffs and technologies resulted from 
that quest. Similarly, studies like this will teach us a lot about the GI 
tract, its importance in early multisystem dysfunction, and clearance of 
bacteria. 

This study is one of the earliest to look at quantitative bacteria clear- 
ance. One might wonder if the permeability and clearance of enteric 
organisms differs among bacterial species, and if so, why there are dif- 
ferences, It is fascinating that apparently anaerobes do not translocate, 
or at least do so to a minimal degree. Much work must be done yet, and 
I hope many others continue this interesting work. 


DR. ROBERT RHODES (Jackson, Mississippi): I have long admired Dr. 
Rush’s work and again he has shown us some very intriguing evidence. 
At the risk of continuing the skepticism that has been shown by the 
previous discussants, I think we must be aware and concerned that we 
do not jump on a band wagon. 

It is dificult from these experiments to determine whether we are 
actually looking at a failure of the clearance mechanisms or a success 
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on the part of the animal in dealing with a serious challenge. We also 
need to consider the possibility that radioactive endotoxin might separate 
as a moiety from the live bacteria. 

Another area that has not been addressed is whether the primary lung 
lesion is perhaps secondary to gastroesophageal reflux. Our passion for 
the use of the H2 blockers may be associated with the increasing incidence 
of gram-negative pneumonia in our intensive care units. That the loss 
of gastric acidity may play a role in this process and permit the entry of 
these organisms is now being considered. Can Dr. Rush assure us that 
there was no gastroesophageal reflux with pulmonary aspiration and 
then subsequent bacterial migration to the liver and the kidney? 


Dr. J. RAYMOND FLETCHER (Mobile, Alabama): I have one meth- 
odologic question and three genera] questions for the authors. 

I am concerned about the overwhelming lethality of the model with 
respect to the 5 hours of hemorrhagic shock. Have you performed any 
studies that examine this in a dose-response manner rather than in this 
overwhelmingly lethal model? 

The general questions concerned, first, the fact that you had assumed 
that there were some changes present in the GI tract for this bacterial 
translocation to occur. Do you have any histologic evidence that there 
are changes present in the GI tract of these animals? 

Second, you imply in the abstract that there were inflammatory changes 
present in these organs. Did you find any of these when looking at the 
histology? 

Finally, you also imply that the presence of these bacteria in these 
organs would allow these organs or the animal to regress to multiple- 
organ failure. Do you have data that suggest that these animals have 
multiple-organ failure? We know that in normal animals one can culture 
bacteria or at least identify bacteria in culture from these organs. 


Dr. CHRISTOPHER BAKER (Chapel Hill, North Carolina): Without 
reiterating a number of the previous comments, I think there are a couple 
of questions that I need to raise. 

I would point out that I think the authors have addressed a very im- 
portant issue that suits my bias. Many of us who have taken care of 
trauma patients have felt, over time, that the risk of sepsis and multiple- 
organ failure is directly proportional to the length and depth of shock. 

It has been very hard to prove this in humans, although we did a 
study a number of years ago in San Francisco with Carol Miller showing 
that antigen presentation function of macrophages was inhibited in these 
patients. 

To echo what Dr. Fletcher said, I am concerned about the severity of 
the model. I understand some of the reasons for that, but in a clinically 
relevant sense, it will perhaps be applicable to chronic alcoholics with 
bad dentition who present in shock, but ] wonder how relevant it is to 
all patients. 

Ed Deitch has had a number of models in this area. Don Fry has 
looked at the femur fracture and the femur fracture crush injury from 
the standpoint of hepatic function, and Goris in Europe has looked at 
zymosan and called that a nonbacterial model of inflammation, although 
he may be just missing the bacteria. 

We have tried in our lab to look at cecal ligation and puncture followed 
by femur fracture as an analog of what happens in the clinical setting, 
but I think that one of the real-issues that must be raised is that we still 
don’t have a really good reproducible rélevant model of multiple-organ 
failure in the animal. ; 

My second question relates to the numbers. The numbers are small 
in the groups, and I would like to hear more about the statistics because 
I did not read the manuscript, but Iam concerned about the small num- 
bers. Obviously these studies are difficult, but I think the numbers are 
small nonetheless. 

And finally we have all mentioned speculation, which is a surgical 
tendency when having done a study that looks good. Could you speculate 
on the mode of inflammatory mediators in the liver, because that is 
where we are all heading. 


Dr. JAY REDAN (Closing discussion): First, in reference to Dr. Deitch’s 
questions, we have started quantitating our shock model. 
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Second, the label dissociation that several people are concerned about: 
following the labeling of the organisms, we rinse them many times and 
test the supernatant to ensure that there are no free C14 particles in 
solution. At the end of the experiment, we examined the stool for any 
free dissociated label, and we find that there does not appear to be any 
label that dissociates freely in the stool. 

The number of counts per number of bacteria in this series of exper- 
iments is approximately 20,000 bacteria per | count of radioactivity. 
This allows us to evaluate the magnitude of translocation. 

The possibility that bacterial parts are liberated as they pass through 
the digestive tract is a realistic assumption. We do find positive culturés 
in the lung, liver, blood, and kidney. Therefore there are living bacteria 
. In these organs that may coexist with fragments of bacterial membrane. 
Escherichia coli membrane is the site of endotoxin that may produce 
an organ failure syndrome. 

The possibility of liver failure is also relevant. We didn’t perform liver 
function tests on these animals, but 3 years ago presenting at the American 
Association for the Surgery of Trauma, Dr. Koziol in his series of animal 
did draw portal vein cultures that were positive for bacteria. 

Dr. Fabian also asked about label dissocation, and the clinical relevance 
of our model in humans. Many of the people in this audience may recall 
patients who present in hemorrhagic shock whose chest x-rays reveal 
florid ARDS patterns several hours after resuscitation. Therefore this is 
a model that is very realistic and clinically relevant to that which we see 
in humans. 

As far as other bacteria growing besides Æ. coli in our cultures, the 
lungs, liver, kidney, and blood grew Providentia, Enterococcus, and other 
Enterobacterecia. I believe this represents the translocation of gut flora 
besides the Æ. coli that were tagged. The tagged F. coli are just a repre- 
sentation of all the gut flora that translocate. 
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As far as the route of translocation is concerned, we did not assess 
liver function, but because the lungs light up so early after hemorrhagic 
shock and the liver only later, it may be that bacteria translocate into 
lymphatics and the thoracic duct to the right heart and then to the lungs. 

Dr. Rhodes mentioned endotoxin. The endotoxin part of the bacterial 
wall is what we we may be seeing. We know our germ-free rats still 
become endotoxemic in hemorrhagic shock 25% of the time, so while 
they do not have germs, they do have endotoxin. It may be the endotoxin 
part of the bacteria that is stimulating the inflammatory response in the 
lung, liver, and kidney. 

As far as the gastrointestinal reflux, these rats are fed 48 hours before 
shock, and therefore any possibility of reflux is eliminated by this method. 

Dr. Fietcher’s is concerned about the lethality of the model. Seventy 
per cent of these animals survive the initial shock and 5% to 15% are 
alive at 72 hours. They may be the tough rats, but we know it is not a 
100% lethal model. We do see a graded response to the severity of shock 
in our less severe model. 

The histology of the GI tract from previous studies show ee 
blebbing suggestive of an intestinal injury. 

Inflammatory changes in the lungs have been noted by others with 
light microscopy. . 
The relationship to multiple-organ failure is suggested by our culture 
data. We have positive cultures in 4 of 6 lungs cultured, 2 of 3 of the 
livers cultured, beth kidney sets that were cultured, and the blood in 8 

of 9 animals were positive for enteric organisms 24 hours after shock. 

Dr. Baker again was concerned about the severity of the model, which 
I have addressed. 

As far as the study population being small, we performed a log trans-. 
formation of our data because the variance from the standard error is 
large. We performed a Student Newman Keul’s t test. 

I have already addressed the mode of translocation, Dr, Baker. 
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The Use of Segmental Anatomy for an Operative 
Classification of Liver Injuries 





KENNAN J. BUECHTER, M.D., ROBERT ZEPPA, M.D., and GERARDO GOMEZ, M.D. 


There is no universally accepted standard classification for liver 
injuries, and thus accurate comparison of reports on the subject 
is impossible. Most published reports on liver trauma suggest 
that both mobidity and mortality have a linear correlation with 
not only the amount of liver parenchyma injured but also with 


the magnitude of the surgical intervention. The exceptions are | 


retrohepatic vein injuries, which have a mortality independent 
of associated parenchymal injury but should be integrated in any 
classification of liver injury. The classification proposed is based 
on the segmental anatomy of the liver (as defined by Couinaud): 


Grade I—Injuries requiring no operative intervention, or any 
injury that requires operative intervention limited to a segment 
or less. 

Grade II—Any injury that requires operative intervention in- 
volving two or more segments. 

Grade Hi—Any injury with an associated juxta- or retrohe- 
patic vein injury. 


We reviewed all patients with isolated liver injuries during 
the past 5 years and prospectively reviewed all patients for the 
6-month period from January to June 1988 and applied this 
classification. Sixty-nine patients had grade I injuries, with one 
death (1%); thirteen patients had grade II injuries, with six deaths 
(46%); and 13 patients had grade JII injuries with nine deaths 
(69%). Postoperative morbidity was 7% for grade I, 57% for 
grade II, and 50% for grade III. This study supports the conclu- 
sion that morbidity and mortality from liver injury are directly 
related to the volume of parenchyma involved, and that segmental 
anatomy can be applied to define this volume. Mortality from 
retrohepatic vein injuries is independent of associated paren- 
chymal injury. We believe that this proposed classification will 
provide a simple, reproducible, and accurate means for reporting 
and comparing liver injuries. 


N 1984, PACHTER ET AL.! stated ‘confusion continues 
to plague the surgical literature with regard to the 
classification of hepatic injuries, rendering compar- 
ison of different reports virtually impossible.’ A review of 
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six reports of liver injuries'® justifies this statement be- 
cause all six reports used a different methodology in pre- 
senting results (Table 1). Interestingly two different insti- 
tutions reporting series of liver injuries within a 5-year 
period used different classification schemes in each of their 
respective reports'*”*> and in four recently published 
trauma textbooks a classification scheme is found in only 
one.?"!* That little progress has been made since Pachter’s 
observation is evident. 

' Regardless of the confusion over classification, it is ap- 
parent that minor parenchymal liver injuries result in no 
liver-related mortality. Moore et al.” and Pachter et al.’ 
reported no hepatic mortality from minimal parenchymal 
injuries, while Feliciano et al. reported an overall mor- 
tality of 7% for simple liver injuries. In contrast major 
parenchymal injuries have a substantial liver-related 
mortality. Moore et al.> reported mortality rates ranging 
from 37% to 53% and Pachter et al.’ reported a mortality 
rate of 83%. In addition injuries with associated retro- 
hepatic vein involvement have a mortality rate ranging 
from 50% to 100%, and this mortality appears to be in- 
dependent of parenchymal involvement.!? 

Our hypothesis initiating this work was that the mor- 
bidity and mortality of liver injuries are direct reflections 
of the amount of parenchyma involved; such involvement 
is either the result of the initial injury or the operative 
intervention used to manage the injury. We do not believe, 
as reported by others? that injuries can be classified solely 
on the extent of the initial injury. Rather the initial injury 
dictates the extent of surgical intervention, and subsequent 
operative injury 1S as important as the initial injury. Thus 
mortality will be determined by the amount of paren- 
chyma involved at the end of the operation. As noted, 
the exceptions are injuries with retrohepatic vein involve- 
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TABLE 1. Currently Used Classifications of Liver Injuries 
Institution Schemes 
NYU 4 grades: injury dependent 
Baylor 2 grades: operation dependent 
U. of Md. 6 grades: injury, operation, and outcome dependent 
LSUMC Not classified 
U. of Co. 5 grades: injury dependent 
NYMC 6 grades: injury dependent 


NYU, New York University Medical Center, New York, N.Y. 

Baylor, Baylor College of Medicine, Houston, TX. 

U. of Md., University of Maryland, Baltimore, MD. 

LSUMC, Louisiana State University Medical Center, New Or- 
leans, LA. 

U. of Co., University of Colorado, Denver, CO. 

NYMC, New York Medical College, Bronx, NY. 


ment. What is required in a classification scheme 1s an 
objective and reproducible means to quantitate the vol- 
ume of liver parenchyma involved in either the initial or 
subsequent: operative trauma, and which includes those 
patients with retrohepatic vein injuries. 


Definition 


We feel the ideal classification of liver injuries includes 
the following: 


(1) Objective and anatomic identification of the volume 
of parenchymal involvement that will subsequently 
define the hepatic related morbidity and mortality, 
and thus correlate with clinical outcome. 

(2) Reproducibility from institution to institution. 

(3) Prospective and retrospective applicability. 


Guided by these principles, we define the following 
classification of liver injuries based on segmental anatomy 
as described by Couinaud.'* 


Grade I—Injuries requiring no operative intervention, 
or any injury that requires operative intervention limited 
to a segment or less. 

Grade II—Any injury that requires operative interven- 
tion involving two or more segments. 

Grade III—Any injury with an associated juxta- or ret- 
rohepatic vein injury. 


Operative intervention is defined as any procedure or 
maneuver used in the treatment of the injury. The volume 
of liver involved with the interventions, as quantitated by 
segmental anatomy, thus classifies the injury. Multiseg- 
mental involvement of hepatic parenchyma that does not 
require operative intervention in multiple segments re- 
mains a grade I injury. 


Materials and Methods 


All patients admitted to the trauma service of the De- 
partment of Surgery, University of Miami School of 
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Medicine from January | to June 30, 1988 were pro- 
spectively entered into the study. Demographic data, as- 
sociated injuries, operative procedures, and clinical course 
were recorded.- Liver injuries were graded according to 
the proposed definition. All patients underwent initial 
evaluation, resuscitation, operation, and postoperative 
management as dictated by institutional protocol and 
surgeon preference. At the same time, a retrospective re- 
view including all patients with a diagnosis of injury to 
the liver was undertaken for the 5-year period from 1982 
to 1987. All records in which the segmental anatomy of 
the injury and operation were described or could be de- 
fined from the operative reports were evaluated. Those 
patients with isolated injuries to the liver were analyzed 
specifically. Patients with isolated extermity fractures were 
included for review. Excluded were all patients with com- 
bined thoracoabdominal injuries, concurrent nonhepatic 
intra-abdominal injuries, pelvic fractures, and head in- 
juries. A total of 95 patients were identified from both 
studies and form the basis of this report. 


Results 


There were 68 male and 27 female patients ranging in 
age from 13 to 82 years. Fifty-six patients suffered pene- 
trating trauma and 39 blunt trauma. 


Grade I Injuries 


Sixty-nine patients had grade I injuries. A variety of 
techniques were used in the treatment of these injuries 
(Table 2). There was one death (1%) in a patient with 
curhosis who bled to death after a percutaneous liver bi- 
opsy. 

The morbidity rate for grade I injuries was 9% (Fig. 1). 
Four patients developed intra-abdominal abscesses, one 
of whom required reoperation and three who were drained 
percutaneously. One patient had prolonged bile drainage 
from a drain tract with a right ductal leak demonstrated 
on isotopic scan and this subsequently closed sponta- 
neously. A wound infection developed in one patient. 


TABLE 2. Grade I Injuries: Operative Procedures 


fom 


Operative Technique 


None 

Drain only 

Hemostatic agent 

Hemostatic agent and drain 

Suture 

Suture and drain 

Autologous patch 

Autologous patch and drain 
Hemostatic agent, suture, and drain 
Debridement and drain 


No 
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Thirteen patients had grade II injuries. In all patients, 
finger fracture and resectional debridement were per- 
formed with suture ligation of bleeding vessels. Five pa- 
tients had finger fracture through two segments, six 
through three segments and two through four segments. 

A total of six patients died (46%). Four patients died 
from exsanguination, of whom two had an attempt at 
packing. The remaining two patients died in the first post- 
operative week from intra-abdominal sepsis. 

The morbidity rate for grade II injuries was 57%. Four 
of seven survivors developed intra-abdominal sepsis. One 
of these patients had been treated by packing. All required 
reoperation, one of them three times. The remaining three 
surviving patients recovered without significant compli- 
cations. 


Grade IIT Injuries 


Thirteen patients had grade III injuries. Nine of these 
patients died (69%). Eight bled to death during operation 
and one died of sepsis on postoperative day 20. Four of 
the nonsurviving patients had associated parenchymal in- 
jury involving two or more segments. 

Operative procedures included repair or ligation of the 
retrohepatic veins. A shunt was inserted in three patients 
and the finger fracture technique was used in two. One 
patient was packed after repair of the vein injury. Five 
patients survived operation, of whom one later died of 
sepsis. Four of the five surviving patients had associated 
parenchymal injury. The only patient without parenchy- 
mal injury was the one who died of sepsis. 
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The morbidity rate for grade II injuries was 50%. 
Complications developed in two of the four survivors. 
One patient required reoperation for bleeding on post- 
operative day 7, at which time resuture of the injured 
hepatic vein was performed. The other developed sepsis 
and multiple system organ failure. 


Multiple Segment Involvement 


The number of parenchymal segments involved for 
grades II and II] injuries was determined (Table 3). There 
were no patients with more then four segments involved 
with grade II injuries. There were five patients with grade 
Il injuries with parenchymal involvement of a segment 
or less. One patient with a grade II injury had.six segments 
involved and the remaining patients with grade IHI injuries 
had between two and four segments involved. All survi- 
vors of grade III injuries had associated parenchymal in- 
juries of at least two segments. 


Discussion 


The ability to reproduce clinical research requires stan- 
dardization of classification. As an example, the intro- 
duction of the TNM system for the staging of cancer by 
the International Union Against Cancer and the American 
Joint Committee For Cancer Staging dramatically in- 


` creased the ability of researchers to compare and contrast 


reports.'>!© Unfortunately there still remain many areas 
in surgery without uniform classification schemes, and 
the field of trauma is no exception. 

Many areas in the treatment of liver injuries remain 
controversial. Examples are the use of drains, shunts, li- 
gation of hepatic arteries, and liver packing. Widely varied 
results have been reported with different approaches to 
liver injuries and it is impossible to accurately determine 
appropriate treatment. Central to this confusion 1s a lack 
of a standard classification for injuries of the liver. 

Segmental anatomy of the liver was introduced by 
Couinaud'* in 1954. In this scheme the liver is divided 
into eight segments based on end distribution of the portal 


TABLE 3. Liver Injuries: Grade and Patient Distribution 


Grade I Grade I Grade III 
Segments Patients Patients Patients 
Involved (Deaths) (Deaths) (Deaths) 
0 -— — 4 (4) 
| 69 (1) — 1 (1) 
2 — 5 (2) 3 (1) 
3 — 6 (3) 3 (1) 
4 — 2 (1) 1 (1) 
5 — 0 (0) 0 (0) 
6 — Q (0) 1 (1) 
7 — 0 (0) 0 (0) 
8 — 0 (0) 0 (0) 
69 (1) 13 (6) 13 (9) 
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vein. Segmental boundaries are defined by the hepatic 
veins. Segmental anatomy enables segmental resection 
based on vascular inflow and outflow to liver parenchyma 
and has been useful in sublobar resectional surgery. A 
distinct advantage of segmental anatomy in an operative 
classification of liver injuries is its simplicity and consis- 
tency. Correct application, however, must take into ac- 
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FIG. 2A and B. (A) Ex vive 
positioning of the liver. Note 
that ex vivo positioning al- 
lows the right lobe to rotate 
laterally and posteriorly. This 
displaces the right lobe seg- 
ments more laterally and 
posteriorly. (B) Jn vivo posi- 
tion of the liver as viewed in- 
traoperatively. Reproduced 
-with permission from Sur- 
gery of the Liver and Biliary 
Tract Ed. L. H. Blumgart, 
Churchill-Livingstone, Ltd. 
1988. 


count the difference in orientation of the liver in vivo and 
ex vivo (Fig. 2). 

Besides offering a constant anatomic definition, we be- 
lieve that segmental anatomy of the liver can be used to 


` quantitate the amount of liver parenchyma that, when 


injured or operatively involved, dictates subsequent mor- 
tality. In grade I injuries involving parenchymal volume 


Vol, 211 + No. 6 


of a segment or less there was one death. The mortality 
rate substantially increases with involvement of two or 
more segments. However, although our series is small, 
our findings do not suggest that mortality is proportional 
to number of segments involved over two. Rather mor- 
tality is the same for at least up to four-segment involve- 
ment. Thus parenchymal volume of two segments appears 
to define a critical volume that significantly influences 
mortality. There were no patients with grade II injuries 
with five or more segment involvement. Thus application 
of this scheme in the rare case of five or more segment 
involvement without an associated retrohepatic vein in- 
jury is unknown at present. 

Regardless of associated parenchymal injury, liver in- 
juries involving the retrohepatic veins have significant 
mortality. Specifically our series suggests that mortality 
for grade III injuries is mainly related to injury of the 
retrohepatic veins. We had no survivors of isolated retro- 
hepatic vein injuries and all survivors had parenchymal 
injuries involving at least two or more segments. This 
finding supports other reports that finger fracture tech- 
nique through hepatic parenchyma to expose retrohepatic 
vein injuries does not increase mortality.!'!? Rather in 
grade III injuries control of the retrohepatic vein must be 
immediately achieved because intraoperative exsangul- 
nation is the overwhelming cause of death in these inju- 
ries. 13 

This classification illustrates the importance of surgical 
restraint in the management of liver injuries. As pointed 
out by Levin et al. and as is becoming clearer with the 
increased use of radiologic imaging in blunt abdominal 
trauma,'’-!? surgical restraint has a role in the manage- 
ment of-liver injuries. Mortality is dictated by maneuvers 
required to control the injury. Surgery for the injured liver 
must be tempered with the understanding that the surgical 
intervention of two segments or more is as significant an 
insult as a traumatic injury of the same scope. We believe 
the goal of surgery should be control of bleeding with as 
little parenchyma involvement as possible. If the operation 
is anticipated to involve more than one segment, then 
mortality will increase accordingly. While our series has 
not addressed the results of various techniques as they 
relate to this classification of injury, we believe techniques 
that limit parenchymal disruption to a segment or less 
will improve patient survival. 

While we are gaining experience with this classification 
we recognize that problems remain. Intuitively injuries 
involving segments II and UI are easier to manage then 
those involving the right posteriolateral segments VI and 


DISCUSSION 


Dr. FRANCIS C. NANCE (Livingston, New Jersey): This study brings 
a very ingenious new technique of classification to liver injuries, which 
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VII. We have not analyzed independently left and right 
lobe injuries, which may require modification of this def- 
inition. We had no isolated injuries of segment I, but be- 


- cause of its unique anatomic location and vascular rela- 


tions, injuries of this segment may also require special 
attention. 

We present a new operative classification of liver in- 
juries based on segmental anatomy, which, when applied 
to our patient population included in this study, seems 
to be easily reproducible, objective, and has an excellent 
correlation with morbidity and mortality. We believe ap- 
plication of this scheme will enhance communication 
among surgeons and afford a workable means for report- 
ing liver injuries. 
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might have some application. However I remain skeptical about all forms 
of classification of injuries, mainly because I am too senile to remember 
them all, and at night at the operationg table I really can’t remember 
how to classify these injuries. 


= 
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Furthermore, I am not sure that I can remember segmental liver anat- 
omy enough at night to be able to apply it prospectively, and I know 
my residents don’t know segmental liver anatomy well enough to decide 
whether an injury is to a single organ or not, so I think that on the issue 
of simplicity, this may not meet Dr. Zeppa’s own criteria. 

The other problem that I have is that we really have a lumping in the 
great middle class of the important liver injuries. 

We know that the retrocaval injuries are going to die. We know that 
the trivial lacerations are going to live, and our problem is with this big- 
or moderate-sized group of liver injuries, and the system that the authors 
used does not allow you to deal with such issues as to whether inappro- 
priate use of Penrose drains for drainage, for instance, contributed to 
morbidity of that injury. 

I would also like to know if this system will deal with other organ 
injuries, so we know, for instance, that septic complications will be much 
higher if there is a concomitant colon injury and will this system, when 
it is taken beyond the isolated liver injury, allow us to separate those 
kinds of systems. 

Is it going to allow a retrospective analysis, and I would like Dr. 
Beuchter who did this to comment on this because I am not sure on 
reading a cold op note, you are going to be able to identify whether or 
not an injury is limited to one segment or not. 

And finally, just to confuse things, I really would like to offer Nance’s 
classification on these injuries, which has the advantage of not needing 
to look at the organ injured, but at the resident who is there at the 
operating table. It is based on the reaction of the senior resident on call 
on the trauma service. If he or she looks at the wound and yawns, turns 
it over to the junior resident, then that is a Zeppa class I case. It is going 
to do well. It is going to have a higher survival rate.  ' 

If he looks at the injury and salivates, that is a sort of low Zeppa class 
IT, and that means that the resident will have to do some suturing and 
really help the patient, and the mortality rate will not be high, and he 
or she will look good during the morbidity-mortality conference. 

If the resident sweats, the the injury is a high Zeppa class IJ. That 
means that he or she will do a iot. of sewing, but he or she will get 
encounter a complication, and will have to defend himself or herself at 
morbidity—mortality conference, and probably receive a lot of heat. And 
if the resident screams and asks for the attending, that is a fees class 
HI, and you know the patient will do poorly. 

Now I submit that this classification is probably as good as the other 
and will produce the same differentiation of mortality and morbidity 
rates that this paper has. 


DR. KIMBALL I. MAULL (Knoxville, Tennessee): In the introduction 
to this work the authors cite the state of confusion that exists in the 
classificaiton of liver injuries, variously described as injury dependent, 
operation dependent, and/or outcome dependent. 

Dr. Zeppa and his coauthors return to the basics and describe a clas- 
sification scheme that depends on the anatomy of the injury, whether it 
is traumatic or surgical, and relate it to the segmental structure of the 
liver itself. 

They wisely note that the hepatic vein and retrohepatic caval injuries 
are a special class of injuries. 

Their data appears to support this approach, although the numbers 
of patients in grades II and IHI are small. 

Notwithstanding the complexity of liver trauma in the first place, there 
is a potential flaw in such a simplistic approach. And that relates to time. 
Time from i injury to definitive operative care. 

Trauma is a time-sensitive disease, and the reason for this is bleeding. 
Because liver injury is one of the more common causes of post-traumatic 
hemorrhage, certainly this factor must be considered in any meaningful 
classification of liver injuries when outcome is to be compared or where 
such a classification may have implications for quality assurance in a 
trauma care systern. 

My question to the author is: Did you look at prehospital times in 
your prospective group, and ifso, would you share with us what impact 
time had on outcome as an independent variable? 

Last, the reproducibility of the Miami data warrants applications of 
this data in other centers as acknowledged ty the authors. 


Dr. GEORGE WATKINS (Easton, Pennsylvania): This paper is very 


' , important because it outlines one way we think when we are operating 
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on a liver injury. It is either small or isolated, it involves the big vein, or 
it is somewhere between these two extremes. 

Now when it is between these extremes, you did not mention what 
most of us should do. Let us take the Pringle maneuver. I can handle 
the arterial side. | may have to go back and operate again on the patient, 
but I can handle the arterial side. I can handle the portal vein side. I can 
handle the ducts, too, if they are involved. 

My problem is when I have a liver injury with two or three segments 
involved. Inevitably, if I lose the patient, the injury has gone across one 
or several of the major branches of the hepatic vein in the liver. This 
situation is one in which your classification scheme shows potential use- 
fulness. 


t 


DR. JOAQUIN ALDRETE (Birmingham, Alabama): There are several 
reasons to make classifications that would help in the management of 
patients with illnesses or injuries amenable to surgical treatment; the 
most obvious would be for didactic purposes or prognosis. However the 
most important classifications are those that directly help to make the 
correct decisions in the management of patients. The anatomic classi- 
fication system proposed by Dr. Zeppa and associates is ultimately di- 
rected to select the right operative treatment for each anatomic category. 

At the University of Alabama tn the last 15 years we have used a 
classification of hepatic injuries that is directly related to the appropriate 
operative treatment of each category of injury. This classification system 
has six categories that could probably be placed into the three groups of 
the classification proposed by Dr. Zeppa. The important fact to point 
out is that about 70% of all liver injuries require relatively simple operative 
maneuvers to control the bleeding and repair the injuries. The other 
30% of liver injuries are serious and difficult enough to fit the category 
that Dr. Carter Nance described as those that provoke profuse diaphoresis 
in all of the members of the team, including the attending surgeon. 

We published the alluded classification in 1979, but I suppose the 
Medlar search of Dr. Zeppa and associates did not go back that far. 
However I believe our classification, although old, still has the merit that 
is specifically directed to how to treat each type of liver injury by a pre- 
established patient management program. 


Dr. K. BUECHTER (Closing discussion): I think I can answer most of 
the questions in a couple of slides I have, but I want to look, in particular, 
at a couple of areas that were raised first. To start at the back first, Dr. 
Aldrete’s comment is one of the areas we are very keen on trying to 
make of primary importance, and that is, that what you do for the injury 
determines subsequent mortality. It is not the injury itself that does it, 
but it is the injury plus what you must do. Classification schemes in 
which we talk about grades of injury needing certain particular maneuvers 
we think does not cover that point. 

In the Journal of Trauma last year, there was a six-center review of 
severe hepatic trauma, which used the classification that has been pro- 
posed by Eugene Moore and the group from Colorado. This, for example, 
is the class 3 injury as they defined it. This injury could include several 
things. You could have a central penetrating wound with active bleeding. 
You could have a parenchymal fracture of 3 cm or more with active 
bleeding, or you could have a nonexpanding subcapsular hematoma 10 
cm or more that is not actively bleeding. 

We suggest to you that a subcapsular hematoma in this day and age 
may not even get operated on, especially if it does not expand and the 
patient is stable. It doesn’t matter what the initial injury ts. It is what 
you do when you go to the operating room to fix the injury. You must 
do whatever you have to do, but if you have a simple, penetrating injury 
and you must do a segmentectomy or finger fracture to control it, that 
is a different injury than a central penetrating wound that you put a 
drain in and that is what we think is the problem of current classification. 
What we are proposing is to group these things together at the end of 
the operation, look at that patient and what you have done, and that 
will determine subsequent mortality. 

To answer other questions about the clumping of injuries, what we 
are submitting so far is preliminary work. We need more patients. We 
have 95 patients. Do remember, though, that these are isolated liver 
injuries, and it is a pretty big series of isolated liver injuries, but if you 
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look at our patients, if they had two segments or more involved, they 
had an equal mortality whether there were two, three, or four segments. 

In the manuscript we note that we don’t have patients with 5, 6, 7, 

- and 8 segments involved without retrohepatic vein involvement. However 
the mortality rate is the same for 2-through-4—segment involvement. We 
submit that the critical volume that subsequently determines mortality 
can be identified and defined by two segments or more. When you disrupt 
or involve or expand the injury by your operation to where you involve 
this critical volume, your mortality rate increases, and when you operate 

_on a patient, that must be kept in mind. 

As I said, you do what you have to do, but if you have to do more 
than less, your mortality rate will increase because of the ‘operative injury’ 
that you inflict with surgery. 

In the same vein, to reflect on what Dr. Watkins asked, retrohepatic 
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vein injuries have a mortality rate that is totally independent of the 
parenchymal involvement, at least initially. 

We reported our experience with retrohepatic vein injuries in the 
Journal of Trauma and this study includes some of those patients. These 
are the patients with isolated injuries, but if you notice, we had no sur- 
vivors with an isolated ruptured hepatic vein. Our survivors had associated 
parenchymal injuries, and we think, at least initially, that we can say 
that vein injury is what determines mortality and not the associated 
parenchymal injury. 

There was one question about prehospital time. We did not examine 
prehospital time, Dr. Maull. What we are trying to do is establish a 
common language first, and then I think if we adopt a common language, 
we can study prehospital time, blood transfusions, and the other aspects 
that need to be studied. 
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Seven patients with a mean burn size of 69.6% total body- surface 
area underwent skin grafting with autologous cultured epidermis. 
They were compared with a historical group of 18 controls, with 
a mean burn size of 60%, who underwent grafting with conven- 
tional meshed split-thickness autograft. There were no statis- 
` tically significant differences between the two groups in length 
of hospital stay, total number of surgical operations, or cost. 
There were no deaths and two major complications in the cultured 
epidermis group; there were six deaths and 11 major compli- 
cations in the historical control group: Because of this encour- 
aging early experience, a prospective, randomized study is now 
in order to evaluate this technology. 


HE FIRST ATTEMPT TO cover a massive burn 

wound surgically is attributed to Girdner,! who 

used allograft from a suicide victim to cover a 
patient with lightning injuries. Allografting in the modern 
era was popularized by James Barrett Brown.? Other ma- 
terials including xenograft, parietal peritoneum,’ and 
various synthetic materials, have been used. The devel- 
opment of the mesh dermatome’ represented a great ad- 
vance in the ability of burn surgeons to cover massive 
wounds; but even with maximal expansion, there were 
patients with limited donor sites for whom this technology 
was insufficient to completely cover the wound. 

More recently approaches to the solution of this prob- 
lem have included the culture of autologous epidermal 
cells,° the development of artificial skin,’ and most re- 
cently, a combination of epidermal autograft and dermal 
allograft.® Initial efforts to prolong allograft survival with 
conventional immunosuppression? were abandoned be- 
‘cause of side effects. However the advent of cyclosporin 
has sparked renewed interest in this subject." 
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Clinical experience with cultured human autologous 
epithelium was first published in 1981.'' The current re- 
port concerns the use of this technology in our Burn Cen- 
ter since it became available to us in July 1988. 


Materials and Methods 


The Baltimore Regional Burn Center is a 20-bed facility 
that admits approximately 250 to 300 patients annually. 
The surgical approach to patient management is aggres- 
sive: patients are resuscitated and excisional surgery with 
wound coverge is begun within the first few days after 
admission if circumstances permit. The only contrain- 
dications to early excisional surgery are cardiovascular 
instability or respirator dependence of a degree sufficient 
to preclude transportation to the operating suite. When 
immediate autografts are unavailable because of limited 
donor sites, we make liberal use of banked cadaver allo- 
grafts for temporary coverage. 

All skin cultures were performed at the laboratories of 
Biosurface Technology, Inc., Cambridge, Massachusetts, 
under a contract with the Francis Scott Key Medical Cen- 
ter. This contract included an initial inservice at the Bio- 
surface facility in Cambridge by members of our surgical 
team before performing the first operation involving cul- 
tured skin. 


| | 
Selection of Patients 


According to predetermined criteria, patients selected 
for the cultured skin program had a minimum 40% total 
body surface area injury, with a substantial third-degree 
component, as judged on admission. All patients were 
adults older than 18 years, but there were no exclusions 
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because of sex, underlying medical disease, or the presence 
or absence of inhalation injury. Because this was not a 
randomized study, a retrospective group of patient charts 
were reviewed as controls beginning in July 1988 and 
working backwards in time until 18 patients were accu- 
mulated. To meet the criteria to be entered into the control 
group, patients had to have a minimum of 40% body 
surface burn and have survived at least through the first 
operative procedure for wound coverage. By selecting 
controls in this manner, we sought to eliminate some of 
the biases associated with the lack of contemporaneous, 
randomized controls; in particular we wished to reduce 
the time period between the treatment of two groups. Be- 
cause the cultured epidermis patients and their controls 
were all admitted within a 2-year span, the influence of 
major differences in treatment other that the grafting 
technique can be minimized; the burn center had not 
changed protocols with regard to any major management 
modality (resuscitation, nutrition, topical therapy, anti- 
bacterial therapy, and so on) between the two groups. + 


Biopsy 


On admission and entry into the study, potential pa- 
tients for the cultured epidermis program underwent skin 
biopsy, usually within the first 48 hours. Biopsy was per- 
formed at the bedside under local anesthesia, removing 
from an unburned area (the groin crease or axilla) an 
elliptical segment measuring approximately 5 mm by 40 
mm; the biopsy site was closed by primary suture. The 
biopsy was customarily divided into three or four aliquots 
and shipped to the Cambridge laboratory in specially pro- 
vided culture media to undergo immediate processing. 
The details of culture and subculture are beyond the scope 
of this report, but are essentially those reported by Gallico 
et al.! 


Preparation of the Burn Bed 


Patients underwent excisional surgery under general 
anesthesia. It is our practice to keep the extent of surgery 
moderate in the first instance, so that the average amount 
of burn grafted is rarely more than 15% to 20% of the 
total body surface at any one sitting, and the total duration 
of anesthesia time is kept to 2 to 3 hours. Excision was 
performed using the tangential technique when the third- 
degree component of the injury was held to be relatively 
superficial, and using the fascial technique when either 
the third-degree component was clearly very deep, or the 
residual burn bed was inadequate after tangential excision. 
All excised burn beds were immediately covered with ei- 
ther meshed autograft or sheet allograft. Allografted areas 
selected to be recipients of cultured epidermis were usually 
left undisturbed until the cultured epidermis was ready, 
then re-excised; on a few occasions allografts were changed 
every 4 to 5 days at the bedside. 
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Preparation of the cultured epidermis required about 
3 weeks, At that time patients were returned to the op- 
erating room, the designated bed inspected, re-excised if 
necessary or, occasionally, simply freshened. The cultured 
epidermis squares were then applied to the wound together 
with their vaseline gauze backing. Initially we stapled the 
small graft squares (approximately 5 X 5 cm) to the pa- 
tient; subsequently they were stapled to one another. 
Dressings of gauze (Adaptic®, Johnson and Johnson 
Products Inc., New Brunswick, NJ) were then applied to 
the vaseline gauze backing holding the graft, followed by 
multiple-ply coarse mesh gauze, and roller gauze Kerlix® 
(Kendall Healthcare Products Co., Mansfield, MA). 

Initially dressings were kept dry for 1 week and then 
inspected; because of a partial recipient site infection with 
the first patient, subsequent graft sites were wetted every 
4 hours with bacitracin-polymyxin solution and inspected 
on the third day, which is the same routine we use for 
meshed autograft. 

Because of concerns about the fragility of cultured epi- 
dermis, active range of motion exercises and ambulation 
were delayed several days in the cultured group compared 
with the control group. Application of compression gar- 
ments, normally begun within 2 to 3 weeks of healing at 
our Center, was also delayed by a further 3 to 4 weeks in 
the cultured epidermis recipients. 


Results 


Seven patients underwent grafting with cultured epi- 
dermis. The retrospective control group consisted of 18 
patients. Basic clinical characteristics are shown in Table 
l. Statistical analysis was performed by Student’s t test or 
X? where appropriate. 

Although the total burn size is larger in the cultured 
epidermis group and the third-degree component is 
smaller than in the controls, this difference is not statis- 
tically significant. The average area in the cultured epi- 
dermis group actually covered with the cultured material 
was 18% of the body surface; the remaining area was au- 
tografted either while waiting for the cultured spidermis, 
or as a final patch-up procedure. The average graft take 


TABLE 1. Patient Population 


Cultured Control p 

N 7 18 — 

Age 31.0 + 3.7 28.8 + 3.3 NS 

Burn size 69.6 + 5.5 60.0 + 5.6 NS 
(% TBSA) (range, 54-91) (range, 40-96) 

3rd degree % 31.4+ 5.1 312 2 NS 
(range, 13-41) (range, 17-93} 

Maie/femaile 6/1 15/3 NS 

Smoke inhalation 4/7 7/18 NS 


NS, not significant. 
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TABLE 2. Clinical Results 


Cultured Control p 
First OR day after burn 7A+ 1.8 4.8+0.9 NS 
Total hospital days 60.3 + 4.1 54.2 + 6.5 NS 
No. of surgical procedures 
for grafting 40+ 0.4 4.4+0.6 NS 
Major complications 2/7 (28%) 11/18 (61%) 
Mortality 0/7 (0%) 6/18 (33%) 


Number of procedures and hospital days, data quoted for survivors 
only. 

Z factor predicted mortality for entire group, 52%. 

OR, operating room. 

NS, not significant. 


of cultured epidermis was 75%; the average take rate of 
meshed split-thickness autografts was 92%. 

Table 2 illustrates the clinical outcome of the two 
groups. Major complications included septicemia, pneu- 
monia, and multiple-organ failure. There appears to be a 
reduction in the death and morbidity rate of the cultured 
skin group, but this reduction is not statistically significant 
by X? analysis. We tried to explain any apparent differ- 
ences by analyzing the number of operative procedures 
for grafting and the length of stay, but no statistically sig- 
nificant differences could be found. It should be noted 
that only survivors were included in the analysis of hos- 
pital length of stay and number of trips to the operating 
room; had more patients in the control group survived, 
these numbers would certainly be higher. 


Financial Considerations 


The average cost. of the cultured epidermis in the seven 
patients was $17,700; the total cost of hospitalization was, 
in the cultured patients, $181,467 + $20,253 versus con- 
trols $173,908 + $35,488 (not signficant). As a gross ap- 
proximation, each percentage of the body surface grafted 
with cultured skin cost $1000. 


Follow-up 


The range of follow-up for the cultured skin patients 
is, at this time, from 6 to 16 months. During that period, 
one patient has undergone reconstructive surgery, three 
will likely require possible reconstructive surgery, and one 
has been readmitted for late graft breakdown problems 
and regrafted. Of the surviving 12 controls, followed for 
between 16 and 26 months, three patients have undergone 
reconstructive surgery and three more are planned for 
further reconstruction, making the total patient number 
requiring or possibly requiring reconstruction 4 of 7 in 
the cultured epidermis group and 6 of 12 in the conven- 
tional group, roughly a comparable number. Patients 
grafted with cultured epidermis seem to blister more 
readily than those covered with conventional meshed au- 
tograft for the first two or three months after discharge, 
after which period this difference disappears. We have 
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noted no differences in tolerance between the groups to 
pressure garments, heat, or cold. 


Discussion 


The ideal material for the repair of full-thickness skin 
loss from thermal injury remains controversial. It has been 
advocated that the duplication of compartmentalization 
of normal skin, organized into epidermal and dermal 
components, would meet this need best.'? The only ma- 


_ terial readily available to meet this need is expanded, 


meshed autograft, but its use in large burns is limited by 
the availability of donor sites. The current report dem- 
onstrates the use of cultured autologous human epidermal 
cells alone, without a dermal substrate. The combination 
of a dermal substrate with epidermis has been reported,*!4 
but comparative data on the use of cultured epidermis 
alone and composite dermis and epidermis are not yet 
available. 

The apparent reduction in morbidity and mortality 
rates in the cultured epidermis group of patients as com- 
pared with controls is very difficult to explain. Clearly if 
early prompt wound closure by cultured skin, a reduction 
in the number of surgical interventions necessary, or 
length of hospitalization were factors, this would not be 
surprising; indeed it is what one would expect. However 
statistical analysis of our data fails to implicate any of 
these factors. Possibly the slight and not statistically sig- 
nificant reduction in the number of trips to the operating 
room (4.0 versus 4.4) could be a factor; however the third- 
degree component of the cultured patients was sufficiently 
smaller than that of controls (31.4 versus 37.2) to explain 
this difference. We searched diligently for the usual causes 
to which therapeutic differences are attributed in burn 
patients when no concurrent randomized controls are 
available: nutritional support, staffing patterns, antibiotic 
usage, resuscitation, and topical therapy, and we could 
not demonstrate any differences between these two groups 
in terms of management. 

There remains the small but distinct possibility that 
these patients did better because the technology was new 
and exciting, and perhaps this group of patients received 
closer attention and even better care than usual; we cannot 
rule out this possibility. 

Criticism of the use of cultured epidermis has, in the 
past, included easy traumatization and blistering, break- 
down, and lack of long-term durability because of ab- 
normal histologic architecture. Although our longest fol- 
low-up at this stage is only 15 months, we have been im- 
pressed by the relative absence of these complications. 
The grafted epidermal skin seems to have the same con- 
sistency, pliability, and in the long term, tendency to 
breakdown as conventional split-thickness meshed au- 
tografts. It remains to be seen, of course, whether this 
statement can still be made after 5 years. 
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Current disadvantages of the technique include the ab- 
solute need for meticulous burn bed preparation to op- 
timize graft take, the need for elaborate transportation 
arrangements of the cultured skin, and cost. Increased 
shelf life of the cultured skin would be a decided advan- 
tage, and the problem of preservation is under intensive 
study (personal communication, Biosurface Technology 
Inc.; 1989). 

We report a single-center experience with seven patients 
with an average burn size of 69.6%, who received partial 
skin grafts with cultured autologous epidermis. These pa- 
tients were compared with 18 historical controls of similar 
size injury. Patients grafted with cultured epidermis a 
mortality rate of 0% and a slight reduction in major mor- 
bidity when compared with controls. The reasons for this 
are difficult to explain because related parameters, such 
as length of hospital stay and number of surgical opera- 
tions performed, did not vary between the two groups. 
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DISCUSSION 


DR. MAURICE J. JURKIEWICZ (Atlanta, Georgia): I rise to thank Dr. 
Munster and his colleagues for bringing this interesting method of ex- 
panding the donor site in a biologic way 10,000 times to the attention 
of this audience and to this Association. 

I remain somewhat skeptical that this will be a practical answer to a 
desperate problem for the individual with a truly major burn. 

Obviously some method of expanding skin is necessary, but this ap- 

proaches it in a piecemeal way. That is to say, on only one level, the 
epidermis. From the time of Medowar and Billingham, who demonstrated 
unequivocally that with closure of a wound with cultured epidermis 
there remains the problem of the uneducated, cultured kerotinocyte. In 
a culture it appears that the kerotinocyte retains its ability to stratify but 
loses its ability to adhere, except to the Petri dish. It has difficulty adhering 
to the underlying wound. In biopsy specimens there is an absolutely flat, 
normal-appearing epidermis, but without any reti pegs. Therefore the 
adherence of that sheet of cultured kerotinocytes to the underlying wound 
is a problem. 
’ However Dr. Munster has solved that to some extent because very 
clearly his 72% take is far better than most other people have obtained. 
I would ask him to elaborate on how he manages the wound because 
other people using the same technique have a take rate of about 50%. 

It was also noticed by Billingham that the wound would contract, as 
Pagett put it, in direct proportion to the thinness of the overlying graft 
itself. An epidermal graft is the ultimate in thinness. 

Could Dr. Munster elaborate on the role of the dermis and the fibrocyte 
in this entire equation? 


Dr. BASIL A. PRUITT, JR. (Ft. Sam Houston, Texas): Dr. Munster 
and his colleagues have presented a detailed description of current tech- 
niques of burn wound care and defined the criteria that they use to 
determine the type of excision that best suits the area of burn wound to 
be excised. Of particular interest is their documentation of the long-term 
durability and resistance to trauma of the cultured epidermal sheets used 
in this study. 
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Several questions must be answered by these authors to help us evaluate 
their conclusions and place this interesting paper in perspective. The 
need for regrafting and reconstructive surgery in five of seven, or 71%, 
of the patients treated with cultured skin exceeds that in the control 
group in which 6 of 12, or only 50%, required such surgical intervention. 
Accordingly I ask the authors whether they attribute that difference to 
the 5- to 7-week delay in application of compression garments in patients 
treated with cultured skin? Because the average extent of body surface 
grafted with epidermal cultures was 18% and the average take was 75%, 
only 13.5% of the total body surface, or an average of only one fifth of 
the average 70% total body surface burn was covered, by what mechanism 
do they think such fractional coverage of the burn exerted a salutary 
effect on outcome? 

Of greatest concern is the technique used to generate the control group. 
It is unclear how the authors determined the size of the control group 
and I wonder whether the survival rates would have been more com- 
parable if they had stmply matched the number in the control group 
with the number in the treatment group. Even with the groups as pre- 
sented, when one uses a two-tailed Fisher exact test, as appropriate for 
the size of groups and comparisons to be made, there is no significant 
difference in either mortality rate or major complications because the p 
value for mortality is 0.1372 and for complications it is 0.2016. 

I enjoyed the paper and compliment the authors on bringing us this 
status report on the use of cultured epidermal sheets for burn wound 
closure. The final question is whether the authors confirmed the apparent 
biologic affinity of cultured epidermal sheets for dermis by achieving a 
greater take when the cultured cells were applied to dermis after tangential 
excision of a partial-thickness burn as compared to application of the 
culture to fascia or subcutaneous tissue after excision of a full-thickness 
burn? 


Dr. ANDREW M. MUNSTER (Closing discussion): First to Dr. Jur- 
kiewicz, I really have thought about the role of the dermis. We all have, 
and it is standard wisdom that one must have a dermis, and one un- 
doubtedly must have some dermis. My question is how much dermis 
must one have, because I think that the Green technique transfers dermal 


680 


cells. That slide that I showed, the I-year biopsy, has dermal elements 
in it, and they don’t deny that. In fact, they know that they are transferring 
some melanin-carrying cells. I think there must be some dermis, and I 
think we are transferring some dermis, but how much, I don’t know. 

As I mentioned, we manage the wound with allograft, but we manage 
it the way Dr. Pruitt taught me 20 years ago, which is not to allow the 
allograft to take, but to remove it every 3 or 4 days to take care of 
vascularization and remove it at the bedside, and remove it during the 
3 weeks of waiting, three or four times. Then you get very nice granulation 
tissue that is clean and sterile, and that is how you can achieve that 
degree of take. 

As far as Dr. Pruitt’s comments are concerned, the statistical test that 
was used on this was a binomial test for random distribution of portions, 
and I promised Dr. Pruitt that when I get home, I will question my 
statistician about the validity of this, but that is what we used and that 
is what we found. 

There is more need for regrafting in the cultured skin patients because 
two of seven, which is a high proportion, blistered more, and it was that 
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degree of blistering that led the occupational therapists to worry about 
the application of Jobst garments, so we were concerned about fragility. 
Everybody said it would be fragile. We did not dare to put on the Jobst 
until 5 or 6 weeks later; this is a potential problem. Now, however, we 
are a little more daring in applying the Jobst a little earlier. 

The control group was collected purely on the basis of time. I went 
back | year because I thought that within 1 year the same staff, the same 
dietary management, and the same topical therapy would be present, so 
the study of both experimental and control subjects took place within a 
2-year period. That was the best way that we could do it. 

Finally I do not think that the graft takes better on tangentially excised 
wounds than on fascial wounds, but only if you apply the allograft the 
way I mentioned. 

I believe if you change the allograft every 3 or 4 days, as we used to, 
and I don’t know if you still do it that way, but the way we used to, you 
get equally good granulation with both types of wounds. The difference 
is the location of the wound. Obviously if it is on the back or buttock 
or the back of the thigh, it does not do as well as on the extremities. 
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There is a resurgence of interest in single- and double-lung 
transplantation for end-stage disease. An experience with six 
double-lung and three single-lung transplants is reported. The 
lungs were procured from a distance of up to 600 miles and the 
heart was shared with another team for transplantation in seven 
of nine instances. The operative mortality rate was 33%. Early 
transplant infections of donor origin were lethal. Late transplant 
pneumonitis was well tolerated and recovery was the rule. Three 
of nine cases had significant tracheal suture line stenosis and 
were managed conservatively. A technique of bronchial artery 
implantation using a conduit tailored from donor aorta is de- 
scribed. Transplant rejection was easily diagnosed and treated. 
Other notable complications included occasional massive pleural 
fluid loss, temporary space problem, and a delay in the ‘resetting’ 
of chemoreceptors resulting in moderate post-transplant hyper- 
carbia accompanied by episodes in which the patient felt hypox- 
emic despite the maintenance of excellent levels of blood gases. 
A comprehensive rehabilitation program begun before operation 
is essential for success. 


HE FIRST RECORDED lung transplantation in hu- 

mans was performed in 1963.' Even though 

many of the technical*~® and physiologic’~'> as- 
pects of the procedure had been clarified in the experi- 
mental setting, long-term clinical success was not attained 
until after the advent of cyclosporine. Enthusiasm for the 
procedure was rejuvenated by the successful series re- 
ported by the Toronto group.'® Since then an experience 
with more than 175 cases, the majority of them single- 
lung transplants, has been accumulated worldwide.'’ Even 
though survival statistics at this early stage of experience 
are encouraging, several problems have been identified, 
the resolution of which may further improve the outlook 
for this procedure. 
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Case Material 


In the last 3 years a total of six double- and three single- 
lung transplantation procedures were carried out at the 
University of Mississippi Medical Center. The indications 
are Outlined in Table 1. 


Technique 
Donor Procedure 


Two lungs were procured locally and seven others from 
distances of up to 600 miles. The heart was shared with 
another transplant team in six instances. Cold ischemia 
time and details of other organ harvest are detailed in 
Table 2. The entire cardiopulmonary block was harvested 
as a unit in two instances and the organs were separated 
at the back table. In all others the lungs were harvested 
after excision of the heart by the cardiac team. In either 
case mobilization of the lung block consisted of digital 
retropericardial dissection from the diaphragm to the ca- 
rina level, proceeding anterior to the esophagus. The tra- 
chea was identified between the vena cava and the aorta 
in the upper mediastinum and later clamped and divided 
at about five rings above the carina. The main pulmonary 
artery was divided midway between the pulmonary valve 
ring and the bifurcation. The left atrium was divided mid- 
way between the atrioventricular groove and the conflu- 
ence of pulmonary veins. When cardioplegia solution was 
used for the cardiac harvest, it was vented through an 
incision in the left atrial appendage and not through an 
incision in the pulmonary vein, as is often done. The azy- 
gous vein was divided near the right hilum. The ligamen- 
tum arteriosum was divided and the left pulmonary artery 
was mobilized in the mediastinum. With division of the 
inferior pulmonary ligaments, the entire lung block could 
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TABLE 1. Single- and Double-lung Transplants: 
Patient Data and Indications 
Age 
Patient Sex (yrs) Indication 
Single-lung 
Transplantation 
W.B. M 56 Idiopathic pulmonary fibrosis 
I.M. F 49 Idiopathic pulmonary fibrosis 
M.F. M 38 Idiopathic pulmonary fibrosis 
Double-lung 
Transplantation 
K.M. F 29 Bilateral cystic bronchiectasis 
and pulmonary fibrosis 
LE, M 45 COPD 
D.W. F 27 Cystic fibrosis 
FS. M 60 COPD 
R.D. M 46 Alpha-! deficiency 
H.K M 52 COPD 





be excised away from the descending aorta and the esoph- 
agus by placing gentle traction on the divided trachea from 
above and the diaphragmatic pericardium from below. 
Large pericardial flaps were retained! with the specimen 
to avoid disruption of the peribronchial collaterals (Fig. 
1). Throughout the harvesting procedure, a deliberate ef- 
fort was exercised to minimize handling of the lung pa- 
renchyma. In the case of single-lung transplantation, the 
left lung was separated from the right at the back table by 
dividing the left bronchus near the carina, the left pul- 
monary artery at the main pulmonary artery bifurcation, 
and the left atrium at the cuff draining the two left pul- 
monary veins. Division of the pericardium in the middle 
completed the separation. During implantation, the left 
bronchus was trimmed down to two rings above the take 
off of the left upper lobe bronchus. 

Lung preservation was achieved by topical hypothermia 
by instilling ice-cold Collins’ solution into both pleural 
cavities through large anterior pleural pericardial incisions. 
The anesthesiologist was asked to switch over to 100% 


TABLE 2. Single- and Double-lung Transplants: 
Organ Procurement Data 





Procurement Cold Incidence of 
Distance Ischemia Storage Lung 
Transplant (miles) Time Damage 
Single Lung 
W.B. 200 4 hr 15 min No 
I.M. 550 3 hr 35 min Yes-moderate 
M.F. 400 4hr No 
Double Lung 
K.M. local 3 hr 35 min No 
D.W. local 2 hr 45 min Yes-severe 
LC 600 4 hr 32 min Yes-mild 
F.S. 400 5 hr 35 min No 
H.K. 175 4 hr 10 min No 
R.D 400 3 hr 30 min Yes-severe 


Preservation method: Static Euro-Collins in ice. 
Hearts: Seven of nine donor hearts were shared for transplantation. 
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FIG. 1. Donor double lung with retained pleuropericardial flaps and atrial 
cuff around the pulmonary veins. 


FIO, and clamp the endotracheal tube a few minutes be- 
fore cardiac arrest. This was done to induce bilateral pul- 
monary atelectasis, which facilitated rapid pulmonary 
cooling. '® | 


i 


Recipient Procedure 


Technique of single-lung transplantation.” All single- 
lung transplantations have been performed on the left 
side, although single right lung transplantation is tech- 
nically feasible, albeit somewhat more difficult, especially 
with regard to the atrial anastomosis. Generally the pro- 
cedure can be performed without heparin and without 
cardiopulmonary bypass. Partial bypass through the fem- 
oral vessels may be required in cases of extreme pulmo- 
nary hypertension when unilateral pulmonary vascular 
clamping is not tolerated by the patient. Through a left 
thoracotomy, the left lung is mobilized and the left pul- 
monary artery and veins are divided by stapling instru- 
ments as far distally from the hilum as feasible. The left 
bronchus is also divided near or at the left upper lobe 
bronchial takeoff. An incision to the left atrium is devel- 
oped between and including the remaining stumps of the 
two divided pulmonary veins. The donor atrial cuff is 
sewn to this incision with running 4-0 Prolene sutures 
(Ethicon Inc., Somerville, NJ). End-to-end anastomosis 
of the donor and recipient pulmonary arteries is carried 
out after completing the bronchial anastomosis with run- 
ning Prolene sutures. Airway control is obtained during 
bronchial anastomosis either by introduction of a bron- 
chial blocker or a double-lumen endotracheal tube. Vas- 
cular clamps are not released until the left lung is ready 
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Recipient 
Pneumonectomy 


FIGS. 2A-C. Steps in recipi- 
ent pneumonectomy: (A) di- 
vision of pericardial veins 
behind the heart; resection of 
pulmonary artery retaining A 
part adjacent to ligamentum 
and recurrent laryngeal 
nerve. (B) Hilar transection 
and pneumonectomy. (C) 
Extraction of tracheal rem- 
nant through {R} hilum. 





B 


to be ventilated to minimize shunting. The bronchial 
anastomosis is wrapped with an omental pedicle devel- 
oped through a small upper abdominal incision and 
brought up to the left lung hilum behind the xiphisternum. 

Technique of double-lung transplantation (Fig. 2). The 
technique is modified’? from the one described by Pat- 
terson et al.'* The procedure is carried out under total 
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Recipient 


Pneumonectomy | 


f 





cardiopulmonary bypass and moderate hypothermia (25 
to 28°C) without cardioplegia. Separate vena caval can- 
nulae with snares are used. After bypass is instituted, the 
pericardial sheaths around the pulmonary veins retrocar- 
dially are dissected out and the veins individually divided 
between staple lines. The right and left pulmonary arteries 
are divided in the mediastinum near the bifurcation. The 
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Extraction of 
c Tracheal Remnant 


FIG. 2. (Continued) 


right side of the heart should be vented at this stage by 
loosening one or both vena caval snares and, if necessary, 
by introducing a sucker into the right ventricle through 
an incision in the main pulmonary artery at the site of 
the proposed anastomosis. Both lung hila can be excised 
at this point with electrocautery after mobilization of the 
lung parenchyma with meticulous coagulation division 
of any adhesions present. The trachea is identified between 
the vena cava and the ascending aorta and divided close 
to the carina without disturbing the adjacent vagi. The 
distal tracheal remnant in the mediastinum is best ex- 
tracted through the right hilum by traction and electro- 
cautery. Most of the right pulmonary arterial remnant in 
the mediastinum may have to be extracted to make room 
for the donor hilum. The left pulmonary arterial remnant 
is retained to avoid injury to the recurrent laryngeal nerve. 
It may be necessary to incise the pleuropericardium 
around the hilum further to make room for the donor 
lung. These incisions are well away from the phrenic 
nerve, which should be carefully protected. The donor 
lung is positioned retrocardially in the orthotopic position. 
The anastomoses between donor and recipient structures 
with appropriately sized continuous Prolene sutures are 
carried out in the following order: trachea, left atrium, 
and pulmonary artery. The tracheal anastomosis should 
be wrapped in omentum as previously described (Fig. 3). 
It has generally been possible to maintain cardiac rhythm 
throughout and defibrillation has not been necessary. 
Contractile activity has been relatively muted and has not 
interfered with satisfactory anastomoses. Left atrial vents 
have been used routinely to obtain a dry field during the 
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atrial anastomosis. Meticulous evacuation of air is ac- 
complished in the usual manner before onset of left ven- 
tricular ejection. 


Postoperative Care 


Immunosuppression is induced with rabbit anti-human 
anti-thymocyte globulin (ATG) (2 mg/kg/day) and con- 
verted to cyclosporine around the 7th postoperative day, 
with an overlap of 3 to 4 days until satisfactory cyclo- 
sporine blood levels are achieved (whole blood trough level 
of approximately 800 ng). Imuran (1.5mg/kg; Burroughs 
Wellcome, Triangle Park, NC) is started on the first post- 
operative day and dosage is adjusted downward if nec- 
essary to maintain a white blood count of more than 5000/ 
mm, Oral prednisone at approximately 0.15 mg/kg (10 
mg adult dose) is started 3 weeks after operation and 
gradually reduced to 7.5 mg 3 months after surgery. Re- 
jection episodes are mild as a rule and treated by daily 
Solu-Medrol boluses (The Upjohn Co., Kalamazoo, MI) 
(250 to 500 mg/day X 3 days). Patients undergoing lung 
transplantation face a multitude of hemodynamic, respi- 
ratory, metabolic, infectious, immunologic, and other 
complications.'?”° A high level of intensive care is nec- 
essary for the first few weeks and sometimes much longer 
if success is to be achieved. Protocols for surveillance and 
monitoring of patients undergoing a complex cardiopul- 
monary procedure and transplantation should be in place. 
After the critical postoperative period, these patients do 
surprisingly well in the long term, with levels of energy 
and activity very similar to those of the general population. 
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FIG. 3. Omental wrap around tracheal suture line. 


SINGLE- AND DOUBLE-LUNG TRANSPLANTATION 685 


TABLE 3. Single- and Double-lung Transplants: Transplant Infections* 
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Onset After 
Patient Operation 
Donor-transmitted Infections} 
D.W. 9 days 
R.D. 7 days 
H.K. 7 days 
Transplant Infections—Nondonor 
Origin 
K.M. 2-1/2 mo 
7 mo 
18 mo 
JC; 22 days 
2 mo 20 days 
I.M. | mo 
F.S; | mo 


Pseudomonas dry and 


Candida in blood and 


Organism Outcome 


Death from lung abscess and 
mucoid in sputum empyema 

and blood 

Death with disseminated candida 


body secretions sepsis 


CMV Death from severe CMV pneumonia 

Klebsiella in sputum Recovered 

Hemophilus and Recovered 
Streptococcus in 
sputum 

Pseudomonas in sputum Recovered 
and blood 

Proteus in sputum Recovered 

Proteus and Klebsiella Recovered 
in sputum 

S. aureus in sputum and Recovered 
blood 

S. aureus and Recovered 


Enterobacter in 


sputum and blood 
Seg EOR a a a eS in ee E N A 


* X-ray infiltrate with systemic signs. 


Operative Mortality and Survival 


There was an operative mortality rate (less than 30 days) 
of 33% (3 patients: 2 deaths from donor-transmitted in- 
fections and 1 death from pulmonary embolus). An ad- 
ditional patient died at 2 months and 5 days from donor- 
transmitted infection. Of the five patients discharged from 
the hospital, three are doing well at | year 4 months, | 
year 7 months, and 2 years 5 months. respectively, after 
transplantation. Two others have since died at 4 months 
(unexpectedly from an anesthetic complication during 
transbronchial dilatation of a tracheal stenosis) and | year 
(fungus ball and sepsis in the nontransplanted lung), re- 
spectively. 


Special Problems 
Postoperative Infections 


Lung transplant recipients are subjected to donor- 
transmitted infections in the early postoperative period 
and later from nondonor sources. Seven of nine trans- 
plants experienced significant transplant infection from 
a variety of infective agents (Table 3). 


Case 1 


A 27-year-old woman with end-stage lung disease from cystic fibrosis 
underwent double-lung transplantation. Gram stain from donor tracheal 
secretions at the time of harvest revealed white blood cells but no or- 
ganisms. However, 24 hours later, cultures grew dry and mucoid Pseu- 


+ Organism cultured from donor trachea and subsequently from the 
recipient. 


domonas aeruginosa. The patient was immediately placed on appropriate 
antibiotics. On the ninth postoperative day there was severe respiratory 
deterioration with production of large quantities of bloody sputum. Cul- 
tures grew donor organisms, i.e., dry and mucoid-producing Pseudo- 
monas aeruginosa. Despite aggressive antibiotic therapy, both by air 
aerosolization and systemically, the patient experienced a downhill course 
and died on the 65th postoperative day. Postmortem examination re- 
vealed cavitary destruction of the transplant with empyema by the of- 
fending organism. 


Case 2 


A 29-year-old woman received double-lung transplantation in July 
1987 for end-stage lung disease caused by repetitive infective bronchitis 
starting in childhood. Postoperative course was smooth and the patient 
was discharged on the 17th day after surgery. She was readmitted on 
three separate occasions at 2.5 months, 7 months, and 18 months, re- 
spectively, after surgery with dyspnea, fever, and sputum production. 
Transplant pneumonitis was diagnosed based on sputum isolates of 
Klebsiella pneumoniae, Hemophilus, and Pseudomonas on the three 
admissions, respectively. The patient responded to specific antibiotic 
therapy on each occasion, with rapid improvement in blood gases, and 


was discharged after a few days hospitalization in each instance. Currently ` 


she maintains excellent lung function and exercise tolerance 2 years and 
5 months after operation. 


Comments 


Donor-transmitted infections are associated with a high 
mortality rate while later infections of nondonor source 
appear to be well tolerated by the transplant recipient. 
Donor-transmitted infections can be minimized by careful 
choice of donor material. Organs from donors who have 
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been intubated for more than 72 hours should be rejected. 
Donor bronchoscopy should be done routinely and lungs 
with signs of erythematous bronchitis and/or purulent se- 
cretions should be rejected. The recipient should be treated 
expectantly with appropriate antibiotics initially based on 
donor sputum gram stain findings and later by actual cul- 
tures. Candidiasis in the donor warrants low-dose am- 
photericin treatment of the recipient. We are beginning 
routine administration of hyperimmune globulin (0.25 g/ 
kg) before operation and at 2-week intervals for 4 to 6 
weeks. Specific anti-cytomeglic virus (CMV) hyperim- 
mune globulin is being evaluated under experimental 
protocol in some institutions. One death in our series oc- 
curred from disseminated CMV infection. Among the 
many factors that predispose to CMV infection are trans- 
plantation of lung from a CMV-positive donor to a CMV- 
negative recipient, administration of polyclonal or mono- 
clonal ATG, heavy steroid dosage for combating rejection, 
and a debilitated state of the patient. There is general 
agreement that CMV-negative recipients should not re- 
ceive organs from CMV-positive donors. There is con- 
scious effort to minimize the use of antithymocyte glob- 
ulin, especially OKT3. Prophylactic administration of 
acyclovir or gancyclovir may be considered when extended 
use of ATG or large steroid boluses is unavoidable. Even 
when the recipient is CMV positive, reactivation of disease 
can occur and a high index of suspicion is necessary for 
proper diagnosis. Periodic CMV titer determination 
should be carried out and secretions assayed for CMV 
antigen in symptomatic patients. A temporary reduction 
in immunosuppression is usually necessary to minimize 
mortality in affected patients. Sputum is monitored pe- 
riodically for pathogens, but treatment is not instituted 
after the tracheal or bronchial suture line has healed unless 
there is evidence of invasive infection. Some centers rou- 
tinely use Bactrim (Roche Laboratories, Nutley, NJ) on 
a chronic basis in immunosuppressed patients as a pro- 
phylaxis against Pneumocystis.’ We have not found this 
necessary in our lung and other transplant patients be- 
cause Pneumocystis incidence has been low (less than 1%) 
with low-dosage steroid administration. 


Preservation-related Injury 


The absence of a reliable preservation technique that 
will extend shelf life of the donor lung beyond 4 to 5 
hours is among the more serious impediments to lung 
transplantation. While we and the Toronto group have 
used the much simpler topical hypothermia technique, 
others have resorted to infusion preservation with Euro- 
Collins solution (Fresenius AG, Bad Homburg, West 
Germany) preceded by prostaglandin administration.” It 
is our impression that there is no dramatic difference be- 
tween the two techniques in terms of preservation time 
or quality. In our own experience, the manifestation of 
severe preservation injury has been unpredictable and does 
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not correlate with cold ischemia time (Table 2). Un- 
doubtedly other donor factors immediately before harvest 
play a role in the manifestation of preservation injury. 
Significant storage injury is usually evident within 48 
hours after transplantation and is manifested by deteri- 
orating blood gases and increasing parenchymal fluid col- 
lection on serial X-rays. Patients are treated by fluid re- 
striction, diuresis, and adequate PEEP to maintain oxy- 
genation. With omental wrap around the tracheobronchial 
anastomosis,'©!® even high levels of PEEP are surprisingly 
well tolerated for prolonged periods of time. 


Case 3 


A 49-year-old woman received single-lung transplantation for idio- 
pathic pulmonary fibrosis. After operation severe preservation injury 
manifested by pulmonary edema, deteriorating blood gases, and opaci- 
fication of the transplant lung on chest X-ray occurred as early as 6 hours 
after transplantation. The manifestations became worse in the ensuing 
several days, requiring aggressive therapy with PEEP of up to 20 mmHg, 
with the patient being paralysis-maintained on a Norcuron drip (Organon 
Pharmaceuticals, West Orange, NJ). The patient experienced rhabdo- 
myolysis (probably induced by Norcuron) requiring tracheostomy and 
ventilator support for 3 months, at which time muscle recovery was 
complete and the patient was weaned from the respirator. During much 
of this interval, there was bronchiopleural fistula with considerable air 
leakage through the chest tubes. However, with cessation of PEEP and 
removal of ventilator support, air leakage stopped and chest tubes were 
removed without incident. Now 19 months after operation, the patient 
maintains a clear transplant on chest x-ray, with an arterial PO, of 80 
mmHg on room air. Her exercise tolerance is good and she maintains 
a normally active lifestyle. 


Comments 


Experience with the above case illustrates that even se- 
vere storage injury is completely reversible with time. A 
major reduction in preservation-related injury awaits the 
development of better storage techniques. In the interim 
the problem may be minimized by careful choice of do- 
nors and by reducing the cold ischemia time as much as 
feasible. Donors with less than optimal blood gases (less 
than 400 mmHg on 1.0 FIO, at 5 cm PEEP) should be 
rejected. Infiltrates or other radiographic abnormalities in 
the potential donor lung are also cause for rejection. Sig- 
nificant smoking history or other points in the history 
that would suggest a less-than-optimal lung are negative 
factors in choice of a suitable donor. More recently we 
have selectively used fructose diphosphate” and PGE] 
administration in treating overt preservation injury. 
Placement of a left atrial catheter at the time of surgery 
may allow more aggressive administration of PGE1 into 
the pulmonary circulation with simultaneous epinephrine 
administration into the left atrium to maintain systemic 
pressure. The pulmonary artery pressure and left atrial 
pressure should be kept as low as possible, and the oncotic 
pressure maintained by administration of fresh frozen 
plasma and other colloids. 
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FIG. 4. Severe tracheal stenosis in a patient 4 months after double-lung 
transplantation. 


Transplantation Complications 
Tracheobronchial Suture Line Problems 


With the routine use of omental wrap around the tra- 
cheobronchial anastomosis, we have not experienced se- 
rious suture line problems in the early postoperative pe- 
riod. However three patients developed significant late 
tracheal stenosis within several months after transplan- 
tation. In two of these the stenosis was approximately 
50% reduction in luminal diameter and was easily treated 
by dilatation during bronchoscopy with partial trans- 
bronchial resection of the constricting cicatrix. One patient 
(Fig. 4) who was otherwise doing well died at 4 months 
from sudden loss of airway as a result of bleeding during 
transbronchial resection. Such lesions can be successfully 
treated with transbronchial placement of chronic in- 
dwelling silicone stents across the stenosis. '® 

Early tracheal dehiscence can be avoided by meticulous 
suture technique, use of monofilament sutures, and the 
omental wrap, which provides early vascularization to the 
suture line. Peak airway pressures should be kept as low 
as feasibly consistent with proper oxygenation. Unnec- 
essary peritracheal or bronchial dissection should be 
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avoided both in the donor and recipient to preserve blood 
supply. Better lung preservation and consequently reduced 
use of PEEP will enhance bronchial microcirculation in 
the postoperative period. In constructing the tracheo- 
bronchial suture line, excessive inversion, which tends to 
produce a shelf and later stenosis, should be avoided. De- 
spite these precautions (Fig. 4), late tracheal stenosis can 
develop, which is presumably ischemic in origin, aug- 
mented by rejection episodes that may further compro- 
mise an already tenuous microcirculation. A suitable par- 
allel exists in renal transplantation in which the terminal 
portion of the transplanted ureter with tenuous blood 
supply is known to undergo stenosis from rejection and 
vascular compromise.” The low incidence of tracheal su- 
ture line complications in heart-lung transplantation due 
to preservation of coronary—bronchial collaterals suggests 
that the problem may be solved if bronchial arteries can 
be reimplanted during isolated lung transplantation. 
While a Carrell patch of aorta around the bronchial artery 
can be harvested with the lung, reimplantation is seldom 
possible in double-lung transplantation either because the 
patch does not reach the descending aorta or access to the 
posterior mediastinum becomes limited when the major 
suture lines are in place. A technical modification can 
resolve this difficulty (Figs. 5 and 6). The lungs are har- 
vested with the distal aortic arch and much of the de- 
scending thoracic aorta by dividing this structure between 
staple lines at the upper and lower portions of the posterior 
mediastinum. The esophagus is similarly stapled and di- 
vided at the diaphragm and at the level of tracheal division. 
The lung block may now be excised with the attached 
posterior mediastinal segment of esophagus and aorta. At 
the back table, the esophagus is carefully excised without 
injury to the bronchial vessels. The aorta is opened pos- 
teriorly and the opening of the bronchial arteries (usually 
two in number) is identified near the tracheal bifurcation. 
Using a 3- or 4-mm Haegar dilator as a stent, a stapling 
device can be used to construct an appropriate-sized con- 
duit from the aorta feeding into the bronchial arteries. It 
is more suitable to construct such a conduit from the upper 
thoracic aorta in double-lung transplantation and from 
the distal descending thoracic aorta in single-lung trans- 
plantation. When the major suture lines of double-lung 
transplantation are completed, the conduit can be anas- 
tomosed easily to the ascending aorta, similar to a saphe- 
nous-—coronary artery bypass graft. In single-lung trans- 
plantation, the conduit is easily anastomosed to the de- 
scending thoracic aorta. We have used this concept in two 
recent patients, but the long-term value of this technique, 
if any, remains to be assessed. 


Transplant Rejection 


Almost all transplant patients undergo at least two or 
more rejection episodes in the first 2 months after trans- 
plantation. Rejection episodes are rare before 4 days or 
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Fics. 5A and B. Construction of conduit from (A) upper thoracic aorta (for double-lung transplant) and from (B) {L} lower thoracic aorta (for 
single-lung transplant) to facilitate bronchial artery revascularization. 


after 3 months. Early rejection at 5 to 7 days will aggravate 
any existing preservation-related injury and ventilation- 
perfusion abnormality. Rejection crises respond readily 
to administration of steroid boluses. Rapid improvement 
in blood gases is the rule, frequently within 2 to 3 hours 
after administration of steroids. None of the deaths in our 
experience were primarily due to rejection. It is our 
impression that lung transplants can be maintained 
chronically at an immunosuppression level somewhat less 
than is required for other organs, such as the heart, the 


liver, and the kidney. In the cumulative experience of 


centers performing lung transplantation at present,'’ the 
incidence of bronchiolitis obliterans appears to be signif- 
icantly less than is reported for combined heart-lung 
transplantation.” The reason for this marked discrepancy 
is unclear. 


Nutritional and Physical Problems 


Patients with long-standing pulmonary disease undergo 
significant deterioration in nutritional status, muscle mass, 


and muscle function. An aggressive preoperative program 
to improve nutrition and muscle function is an integral 
part of a lung transplant program. Patients who are losing 
weight should not be considered for transplantation until 
the weight has stabilized and preferably begun to improve 
on an appropriate nutritional program. Physical condi- 
tioning and exercise tailored to increase strength and en- 
durance enhance the overall condition of the patient be- 
fore operation and improve his or her outlook to withstand 
the rigorous postoperative period. Failure to adhere to 
this aspect of rehabilitation in an early case resulted in a 
successful transplant in a patient who nevertheless re- 
mained an invalid due to his refusal to enter a exercise 
program after surgery. In this context an appropriate psy- 
chologic evaluation before operation is of considerable 
importance in recipient evaluation. 


High-frequency Ventilation 


Enthusiasm for high-frequency jet ventilation has 
waned recently. However it may be useful in select situ- 
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Fics. 6A and B. Conduit implanted in (A) ascending (double-lung trans- 
plant) or (B) descending aorta (single-lung transplant). 


ations of significant transplant dysfunction in which ad- 
equate oxygenation by other means is difficult or un- 
available. Extracorporeal membrane oxygenation, a 


theoretical option in similar situations, has not been of 


practical use in our experience during periods of transplant 
dysfunction. 


Pleural Fluid Loss 


Massive loss of fluid through chest tubes from exudation 
into the pleural cavity is sometimes encountered in the 
early postoperative period. This may be related to division 
of lymphatics at the lung hilum or to inability of recipient 
lymphatics to absorb the exudate (due to sclerosis from 
repeated previous infections or disruption during the sur- 
gical procedure). Other factors, such as excessive exuda- 
tion from the lung surface as a result of preservation- 
related injury, may play a part. In one patient fluid loss 
due to this cause rose to 600 mL per hour and lasted 
several days after transplantation. Adequate fluid and 
colloid replacement is necessary under these circum- 
stances. 


Space Mismatch 


We have generally tried to match the donor and recip- 
ient chest sizes based on longitudinal and transverse chest 
measurements from radiographs. Height, weight, and sex 
of the patient are also accounted for in donor/recipient 
matching. More than a 15% discrepancy in chest mea- 
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surements (length between Ist to 10th vertebra, and 
transverse chest diameter at 10th vertebra) has been a 
cause for concern. In situations in which this rule was 
violated (usually because the emphysematous recipient 
had a large chest cavity), the temporary space problem 
evident in early postoperative chest X-rays rapidly dis- 
appeared in the ensuing days. Others'® have reported the 
opposite situation in which a lung larger than the patient’s 
chest cavity was placed successfully as the diaphragm and 
the mediastinum moved to accommodate the increased 
lung mass of the transplant. 


Psychological Problems 


Patients undergoing transplantation who have been on 
the verge of death before undergo a series of mood changes 
after operation ranging from elation to depression and 
anxiety, and exhibit other frankly abnormal psychological 
behavior. Most of these resolve with time. 


Resetting of Chemoreceptors 


With the replacement of the diseased lung by the trans- 
planted lung, resetting of the receptors that control oxy- 
genation, pH, and carbon dioxide tension appears to take 
several weeks. Most patients have experienced mild to 
moderate hypercarbia for the first several weeks after 
transplantation that gradually normalizes later. Either be- 
cause of inadequate feedback signals from respiratory 
muscles due to the reduced respiratory effort required after 
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transplantation or because there is delay in resetting the 
central chemoreceptors, patients frequently experience a 
sense of hypoxia in the postoperative period and will often 
respond by hyperventilation. Repeated blood gas deter- 
minations during these episodes are frequently in the nor- 
mal range and have not shown hypoxemia. These distor- 
tions in respiratory mechanisms subside gradually with 
the passage of time. 


Discussion 


The diagnosis of lung rejection in our experience has 
been relatively easy with systemic signs of malaise, fever, 
and slightly elevated white cell count similar to that seen 
in other organ transplants. Significant and rapid deteri- 
oration in the arterial blood gases with X-ray infiltrates 
visible a day or so later in the perihilar region completes 
the ‘classic’ picture of rejection. Variations are common. 
When suspected, an initial bolus of 250 to 500 mg steroids 
should be administered intravenously. Significant im- 
provement in blood gases (often more than 25 mmHg) 
within 2 to 3 hours after such administration is a strong 
presumptive evidence for rejection. Other groups?! have 
used aggressive transbronchial biopsy to distinguish re- 
jection from infection. This appears to be particularly 
useful in combined heart-lung transplantation in which 
rejection appears to occur more frequently and much later 
than we have seen in our lung transplant group. Because 
the procedure is apparently attended with minimal risk 
and morbidity, it may have significant diagnostic value 
in differentiating rejection from infection. 

Enough experience has been gathered worldwide ™ ` to 
establish single-lung transplantation as the procedure of 
choice for end-stage interstitial pulmonary fibrosis. Such 
patients rapidly achieve ventilation—perfusion match in 
the transplanted lung approaching 80% to 90% of total 
ventilation and perfusion. The largest segment of pul- 
monary cripples, i.e., emphysema in the western world, 
before now have been considered as unsuitable for single- 
lung transplantation. Severe postoperative ventilation- 
perfusion mismatches were feared in this group. In a lim- 
ited experience initiated in France and confirmed in a 
small group of patients in this country,” single-lung 
transplantation appears to be surprisingly well tolerated, 
with minimal mortality and morbidity. The ventilation- 
perfusion mismatch is abnormal in the early postoperative 
period but rapidly improves with about 75% of ventilation 
and perfusion going to the transplanted lung at 4 months. 
These are remarkable findings and, if substantiated, will 
open lung transplantation to a group of patients, especially 
those older than 60 years, who cannot tolerate double- 
lung transplantation under cardiopulmonary bypass. 

For other conditions, such as cystic fibrosis or infective 
end-stage lung disease in which bilateral pneumonectomy 
is necessary to clear infection, a controversy has erupted”® 
as to whether heart-lung or double-lung transplantation 
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is the procedure of choice. Considerable experience with 
heart-lung transplantation has been accumulated world- 
wide and the procedure has become standardized with a 
low incidence of tracheal problems. However initial hopes 
that the status of lung rejection could be monitored by 
periodic myocardial biopsies have not materialized. It is 
clear that either organ can and does undergo separate re- 
jection episodes.*'** In addition a surprisingly high inci- 
dence of bronchiolitis obliterans (approaching 50% in the 
experience of one center)! is being reported with heart- 
lung transplantation despite the use of heavy immuno- 
suppression. For reasons that are unclear, the incidence 
appears to be very much lower after lung transplantation. 
In addition the principle of limiting transplantation to 
the diseased organ only has considerable appeal in favor 
of performing double-lung transplantation for purely pul- 
monary diseases. Also, in a era of acute organ shortage, 
it appears wasteful to sacrifice a perfectly healthy heart in 
recipients with disease confined to the lungs for the per- 
formance of heart-lung transplantation. The successful 
use of ‘domino’ transplantation of the excised recipient 
heart may mitigate this argument somewhat against the 
use of combined heart-lung transplantation for primary 
lung problems. Double-lung transplantation is at a more 
primitive stage of evolution compared to heart-lung 
transplantation and further improvements in technique 
and results are to be expected. The authors anticipate that 
in the future heart-lung transplantation will be limited 
to combined cardiopulmonary pathology, such as Eisen- 
menger’s syndrome and end-stage cor pulmonale. The 
potential scarce supply of heart-lung blocks compared to 
lung blocks should further propel practice in this direction. 
Some centers~ have already attempted single-lung trans- 
plantation for pulmonary hypertension and for Eisen- 
menger’s syndrome with concomitant correction of the 
cardiac defect. Until recently these conditions were 
thought to be amenable only to heart-lung transplanta- 
tion. Thus there is an expansion of options in transplan- 
tation varying from single-lung, double-lung, or heart- 
lung combination to treat end-stage cardiopulmonary pa- 
thology. Ultimately each technique dictated by the logis- 
tics of donor supply and other considerations will find its 
proper niche in the armamentarium of the transplant sur- 
geon. 
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DISCUSSION 


Dr. JOHN C. MCDONALD (Shreveport, Louisiana): It is a pleasure for 
me to comment on this major presentation. This is the latest of many 
contributions to transplantation by Dr. Raju, his teacher Dr. Hardy, and 
their colleagues. 

The manuscript is a compendium of the knowledge relative to lung 
transplantation and the lessons learned from nine patients, which is cer- 
tainly not a small clinical experience in this field. In fact I believe it to 
be the largest experience yet reported in the United States. 

As you know lung transplantation has lagged behind the development 
of the transplantation of other extrarenal organs. I wish to address only 
a few points made in this paper. 

The first relates to infection, which historically has been the major 
obstacle to success of lung transplantation. The patients themselves are 
usually infested, if not infected, and the donor lung is rarely sterile. The 
patients in this series are no exceptions and almost all of them suffered 
some form of infection during their hospital course. 

The principal reason cyclosporin has revolutionized extrarenal trans- 
plantation lies in its capacity to suppress alloimmune responses while 
sparing pre-existing immunity and natural host defenses, including 
phagocytosis. Thus I wish to inquire how this group, as well as the Toronto 
group, selected the immunosuppressive protocol, which was to use ATG 
and Imuran from the onset while cyclosporin was added only 4 to 5 
days after the transplant procedure. 

Theoretically this would appear to be the worst of possible worlds 
because, teliologically, it seems best to start the cyclosporin and add the 
more toxic agents after the patient has had time to clear the microbial 
infestation. 

Second, I would like to hear some discussion concerning the predict- 
ability of the health of the lung implant. 

It appeared to me that you were entirely unable to predict how well 
the organ would function, no matter what the variation in organ-pres- 
ervation time. 

This problem is a thread that runs throughout the field of transplan- 
tation. Clearly it is true in liver and kidney transplantation, in which 
10% of liver and kidney transplants go through a period of primary graft 
nonfunction, which is totally unpredictable in relation to donor char- 
acteristics. Dr. Raju, how you are approaching this problem? 
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Finally, although this comment may be presumptuous on my part 
and perhaps out of place, I would like to express my admiration of Dr. 
Raju for his continuing contributions to transplantation. Dr. Raju has 
worked quietly, reliably, and consistently in this field now for almost 20 
years and has proved himself to be one of Dr. Hardy’s most brilliant 
students. We are indebted to him for scholarly work regarding small 
bowel transplantation, organ preservation, lung transplantation, and 
many other areas of thoughtful studies in this field. 


DR. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): I reviewed 
the manuscript with Dr. Frank Veith of New York and Dr. Thomas 
Egan of Toronto and now of Chapel Hill, both reknown transplant sur- 
geons who are unable to be with us. 

There is little doubt that this study represents another major contri- 
bution to this field from Mississippi. With Dr. Hardy’s pioneering efforts 
and Dr. Raju’s persistence in the laboratory and his clinical efforts, they 
now have one of the largest series in North America. 

The manuscript warrants a few comments. Excision of the lung in 
situ rather than en bloc incision of the heart and lung and cold emersion 
of the lung rather than flushing, as Dr. Raju presented it, although con- 
troversial subjects, were thought to be appropriate by my colleagues. 

There were some technical questions, however, regarding the manu- 
script. Do continuous sutures for tracheal anastomosis lead to more 
postoperative stenosis than would interrupted sutures? 

Is performing the left atrial anastomosis without cardioplegia difficult? 

Are you concerned about air embolus in this setting and, similar to 
Dr. McDonald, why don’t you introduce cyclosporin therapy immediately 
because it can be given intravenously? 

You have developed an ingenious method to create a vascular conduit 
in an attempt to establish bronchial artery arterial systemic blood supply. 
Do you have proof that this stays open? 

As a nontransplant surgeon, I think I am on the bank of a mountain 
stream watching some skilled fishermen haggling over the best lure to 
use. The real question I would ask: Are there any fish in the stream? 

With 175 lung transplants having been done and a 40% long-term 
survival rate, as reported by Dr. Raju, does this presentation herald the 
next stage of lung transplantation? Have the pioneering efforts of Dr. 
Hardy 26 years ago finally matured to where transplantation of the lung 
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has taken place along with the kidney, heart, and liver? If so, the Southern 
Surgical Association is honored to have this milestone presentation. 

Dr. Raju is to be complimented for the honest reporting of his com- 
plications. He has accurately depicted the commitment required to suc- 
ceed in lung transplantation. 


Dr. Louis G. BRITT (Memphis, Tennessee): This is a very emotional 
time for me because I first came to this meeting 26 years ago as a resident 
when Dr. Hardy presented his landmark work, and until today, Dr. 
Hardy has never denied the fact that he was also my teacher. I am afraid 
later he may say something about this, but I was a medical student when 
he came to Tennessee and he was the man who interested me in a surgical 
career, so I, along with Dr. Raju, remain indebted to him. 

Like Dr. Johnson, I don’t do lung transplants, but when Dr. Raju 
allowed me to review his paper and discuss this, I said, ‘Well, as someone 
who labored in the transplant vineyard for 20 years, I think I can say 
one or two things.’ Unfortunately John McDonald said all of them before 
I could, so I don’t have much more to add. 

One area that interested me was that we have finally conquered the 
Achilles heal of this procedure, which appears to be the trachial-bronchial 
anastomosis, and it warms the cockles of my heart to know that the 
thoracic surgeons have returned to the abdomen and found a piece of 
omentum and brought it up there to work because all good things come 
from the abdomen. 

The other problems remain the same: infection, immunosuppression, 
and rejection. 

Dr. Raju has detailed the infectious problems. We don’t know about 
the culture data in the donor and recipient before transplantation. | 
think one of the major difficulties is the preservation of the organ and 
rejection, which allows bacteria that would otherwise not be particularly 
important to rear their ugly heads and become clinically significant. This 
is an area that we might improve considerably and reduce the infection. 

We agree that CMV-positive organs should not go into CMV-negative 
recipients. However, with immunoglobulin, Acyclovir, and now Gan- 
cyclovir, we have done this successfully in a few renal patients. 

And finally, the problem of rejection, which he didn’t really emphasize. 
We have found in liver and kidney transplantation that our ability to 
clinically diagnose rejection is not good. We have biopsied the liver and 
kidney and have proved to ourselves that our clinical impression leaves 
much to be desired. 

I believe, as Dr. Raju does, though, that the time of lung transplantation 
is at hand. 


DR. FREDERICK L. GROVER (San Antonio, Texas): I would like to 
pay a special tribute to Dr. Hardy for his pioneering efforts in lung trans- 
plantation, as he performed the first single lung transplant in 1963. 

I would like to discuss our technique and management of single lung 
transplantation at the University of Texas in San Antonio because there 
are some differences in our approach. 

Our program was started and our techniques developed by my long- 
time associate, Dr. Kent Trinkle, in March 1988, and has continued 
under his and Dr. John Calhoon’s leadership with the active participation 
of myself and the rest of our staff. 

Since starting in March 1988, we have performed 13 single lung trans- 
plants. Ten of the thirteen are living and well. Three patients have died. 
One patient with scleroderma died 4 months after operation of renal 
failure, and two patients died of CMV 30 and 44 days after operation. 
Therefore your comments regarding the problems with CMV are well 
taken. We have had no bronchial complications, neither stenosis nor 
dehiscence. We have used steroids from the beginning, and in contrast 
to many surgeons, have not wrapped the anastomoses. 

Single-lung transplantation is technically simpler and carries less peri- 
operative risk at our institution than heart-lung or double-lung trans- 
plantation. Single lungs are also more readily available than heart-lungs 
because the heart can be used on another patient. For this reason we 
have expanded our indications for this procedure from the usual or classic 
indication of pulmonary fibrosis to also include chronic obstructive pul- 
monary disease. Three of our patients represent this group. The operation 
is technically easier in COPD patients because of the increased size of 
the chest in which to work and the more normal pulmonary artery pres- 
sures, but one must be very careful that these patients are not chronically 
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infected when the operation is performed. We have also performed a 
single lung transplant on a patient with primary pulmonary hypertension 
and on two patients with secondary pulmonary hypertension. 

I would like to discuss our technique in detail because we do not wrap 
the bronchus and have been able to do this without an anastomotic 
disruption or stricture in the 13 single-lung transplants and six heart- 
lung transplants. 

Beginning with harvesting, we perfuse the pulmonary artery with cold 
Eurocollins solution following an intravenous injection of PGE-1. We 
vent the right heart by cutting the inferior vena cava and the left heart 
by opening the left atrial appendage, thus avoiding pulmonary venous 
congestion. 

By using the single-lung transplant we have preserved the heart for 
either our group or other groups’ use. One area of contention that some- 
times arises during harvesting is how much left atrium can be removed 
with the lung without jeopardizing the donor heart. We usually take 
atrium to about half way to the base of the left atrial appendage, and 
this leaves adequate atrium on the heart for heart transplantation. We 
have found that this is more readily accepted than the double-lung trans- 
plant in which more atrium must be sacrificed. 

An important point in the harvesting technique is to dissect the bron- 
chus only at its most proximal point, leaving much adjacent peribronchial 
tissue on the bronchus more distally where the anastomosis will be per- 
formed. Two staple lines are therefore placed on the bronchus at its 
origin, one flush with the carina. 

The left atrial-pulmonary vein anastomosis is performed first because 
it is the deepest, followed by the bronchial anastomosis and then the 
pulmonary artery anastomosis. Our technique for the bronchial anas- 
tomosis is relatively simple. A 4-0 Prolene suture is run along the mem- 
branous wall of the bronchial anastomosis and then figure-8 sutures are 
placed around the cartilaginous portion so that in most patients the 
donor bronchus is telescoped into the recipient bronchus. This is per- 
formed with only about two rings of donor bronchus proximal to the 
takeoff of the upper lobe bronchus so as to keep at a minimum the 
amount of marginally vascularized donor bronchus. 

As I mentioned, we too have had problems with CMV infection, this 
being the cause of death in two of the three patients who died. In both 
patients the donors were CMV positive, but one of the recipients was 
also CMV positive. This obviously did not protect this patient. 

We have found that our lung transplant patients are less immuno- 
reactive than our heart transplant patients, presumably due to their long 
chronic illness and hypoxia. Therefore we have decided that our im- 
munosuppressive regimen was perhaps too vigorous. In our first 10 pa- 
tients we administered OKT3 immediately after the operation and for 
10 days, along with steroids, Azothioprin, and cyclosporin. We have 
changed our regimen for our last three patients, substituting 7 days of 
ALG for the OKT3 hoping that perhaps this will alleviate some of the 
problems. 

We have not experienced any postextubation pulmonary edema in 
our patients, but we have ventilated all of our patients beginning in the 
operating room immediately after the bronchus is open with 10 cm of 
PEEP for 48 hours after the procedure and have diuresed the patients 
very vigorously during this period. 

I have several questions for the authors. Have you considered ex- 
panding your indications for single-lung transplantation to avoid the 
increased morbidity of the double-lung procedure and possibly eliminate 
some of the donor availability problems? Have you had any serious 
CMV infections in CMV-positive recipients as we have? And have you 
considered not wrapping your bronchial anastomosis? 


DR. E. TALIAFERRO WARREN (Closing discussion): I will answer, in 
order, Dr. McDonald’s questions. Why not cyclosporin from day one? 
We avoid cyclosporin early due to the increased risk of renal failure after 
cardiopulmonary bypass. Renal failure in postoperative cardiopulmonary 
bypass patients has resulted in a mortality rate that approaches 75%. We 
use ATG for induction of immunosuppression. 

We have an open mind as far as immunosuppression is concerned, 
however, and may follow the Houston lead of increasing cyclosporin IV 
daily to a desired level in the early postoperative period. 

Concerning lung preservation, this is the weakest link in lung trans- 
plantation today. Reperfusion injury of the lung is a major postoperative 
problem. 


= 


Vol. 211 * No. 6 


One has a normal amount of postbypass interstitial edema and if you 
add activated polymorphic leukocytes, which injure the pulmonary cap- 
illary bed, the patients develop noncardiogenic pulmonary edema, which 
is very difficult to treat in the early postoperative period with all the 
hemodynamic changes as well as changes in the PO,, 

We have used fructose 1-6 diphosphate, which will inhibit the hexose 
monophosphate shunt, which is the source of the oxygen free radicals, 
which we think injures the pulmonary capillary bed and causes the non- 
cardiogenic pulmonary edema. 

As in liver transplantation, as preservation techniques improve, post- 
operative problems will decrease and the results will surely improve. 

Now Dr. Johnson’s questions. Do continuous sutures for the tracheal 
anastomoses lead to more problems than interrupted sutures? The con- 
tinuous sutured technique is fast and secure, and it is easy to do. The 
problem with the trachea has been graulation tissue near the tracheal 
suture line. 

The ischemia, we think, results from increased PEEP and increased 
peak inspiratory pressure, increasing the intraluminal pressure in the 
bronchus, which decreases our collateral flow. The ischemia actually 
involves the distal trachea and proximal mainstream bronchi that is 
distal to the suture line. 

Dr. Johnson’s second question concerning the left atrial anastomosis 
without cardioplegia: in this setting we have a bleeding vent site in the 
dome of the aorta in case any air happens to get into the left ventricle 
and is ejected. 

We also have a vent that we use through the native right superior 
pulmonary vein, which crosses the mitral valve. The heart is also cold 
at this point and is poorly contractile, so we really don’t have a problem 
with air embolus after the left atrial suture line is complete and the vent 
is reinstituted. 

And the same question about cyclosporin. We have an aversion to 
early postoperative renal failure, and this may be dose related to cyclo- 
sporin. And we will carry out further investigations in this area. 

You have developed a method to create an omental vascular pedicle 
for the bronchial arteries. We examined this bronchial artery anastomosis 
at one patient’s postmortem exam and the conduit was open. 

Dr. Britt’s questions, about cyclosporin-induced hypertension: we do 


SINGLE- AND DOUBLE-LUNG TRANSPLANTATION 


693 


see this in our patients and have one patient with fixed hypertension, 
which is probably a result of cyclosporin. Our cyclosporin levels are 
whole blood levels and not the serum levels, which may seem very high. 

In regard to rejection and infection: in our patients the diagnosis of 
rejection has not been a problem. The clinical diagnosis includes leu- 
kocytosis, fever, malaise, decreased PAO, from what it had been the last 
day, and an infiltrate on chest x-ray. This also responds very quickly to 
pulse steroids. We also cultured the usual sources to look for infection. 

The Packworth group uses transbronchial biopsy in the early post- 
operative period for this differentiation. We have been reluctant to in- 
strument our patients in this early postoperative period and think that 
diagnosis of transbroncnial biopsy is fairly low. 

However transbronchial biopsy may be beneficial in the later transplant 
period for diagnosis of Nemocystis. 

And Dr. Grover’s questions: we are aware of Dr. Grover’s work with 
single-lung transplant, especially in emphysems, and we think that this 
will expand lung transplantation for the elderly who may not tolerate 
double-lung transplantation. 

As for preservation, as we said, this is still an unanswered question, 
but the two different techniques for our topical and Dr. Grover’s pres- 
ervation techniques are not much different, and we have extended our 
time up to 5.5 hours by using his topical technique. 

We have also noticed that the lung transplant patients have less episodes 
of rejection than do our cardiac patients. 

Concerning CMV-positive patients, we have one patient who was 
CMV positive, and the donor was CMV positive, and they did not fare 
well either. 

As far as the omental wrap, we feel strongly about the omental wrap 
around the trachea and the left main stem bronchus. 

Dr. Cooper’s work has shown that there is revascularization at 3 to 5 
days of the distal bronchus. His work in the dog lab was to do a pneu- 
monectomy and take the left main stem bronchus away from the pul- 
monary parenchyma, staple the end, and reimplant it. He wrapped the 
omentum around some of the dogs and the other dogs he did not wrap, 
and the ones that blew out were the ones that were not wrapped, and 
with fluoroscin technique he showed there was revascularization of this 
area. 
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Multiple levels of aortoileofemoral occlusive disease may ne- 
cessitate profundoplasty or extension of the outflow anastomosis 
to insure pelvic and distal arterial perfusion. During the period 
1978 through 1988, 1637 patients underwent elective aortic re- 
construction for aneurysmal or occlusive disease. One hundred 
forty-five had profundoplasty performed to ensure adequate out- 
flow. Associated disease was common with 88 (60%) patients 
having arteriosclerotic heart disease and chronic obstructive 
pulmonary disease (COPD) present in 89 (61%) patients. Hy- 
pertension and extracranial occlusive disease was found in 68 
(46%) and 56 (38%) patients, respectively. The superficial fem- 
oral artery was occluded in 108 (74%) patients, while in 17 (12%) 
the profunda femoris was the only patent artery in the groin. 
Death occurred in nine patients (6.2%). Three were due to ar- 
rhythmias or myocardial infarction and ischemic colitis was the 
cause of death in two. Renal failure, sepsis, aspiration and ce- 
rebral anoxia, and disseminated intravascular coagulopathy ac- 
counted for one each. Five graft limbs failed. Amputation was 
required in one patient, while thrombectomy or distal bypass 
restored flow in four patients. Seventeen graft limbs in 136 pa- 
tients occluded during the follow-up period. Distal bypass was 
successful in four and amputation was required in the fifth patient. 
Extension of the profundoplasty restored flow in nine limbs, while 
thrombectomy alone was successful in one. Bilateral amputation 
was required in one patient with poor run off and insufficient 
autogenus venous tissue. One hundred fourteen (78.6%) of the 
145 patients survived 10 years with patency in 268 of the original 
290 limbs at risk (92.4%). Profundoplasty in these patients with 
multilevel disease seems to extend the long-term patency of aor- 
tofemoral grafts and allows return to a normal life-style. 


MPROVEMENTS IN SURGICAL technique, better ap- 
preciation of the patterns of atherosclerotic aneu- 
rysmal and occlusive disease in conjunction with 
more sophisticated monitoring during the perioperative 
period continues to allow life- and limb- saving operations. 
Some lesions are readily corrected with aorto-to-common 
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femoral artery (CFA) bypass in occlusive disease or re- 
placement of an aortic aneurysm with a tube graft or 
common iliac arterial (CIA) reconstruction. Extension of 
the occlusive process into the CFA, profunda femoris ar- 
tery (PFA) in conjunction with superficial femoral artery 
(SFA) occlusion may necessitate profundoplasty or elon- 
gation of the outflow anastomosis to insure distal perfu- 
sion. Multiple levels of occlusion will frequently involve 
the hypogastric artery (HA) and external iliac artery (EIA) 
as well. Profundoplasty also restores flow into the EIA, 
through its collaterals, increasing pelvic perfusion. In ad- 
dition, proximal graft patency is improved. 

The PFA was recognized in the early 1960s'? as an 
essential artery to maintain distal perfusion when the pa- 
tient was not a candidate for complete revascularization. 
Maintenance of pelvic perfusion is important to ensure 
viability of the colon as well as to prevent gluteal clau- 
dication, muscle or skin slough. Equally important is the 
maintenance of erectile function. 

Martin? did much to popularize isolated profundoplasty 
to restore flow with distal occlusive disease. Long-term 
follow-up has shown that this operation alone is ineffective 
in a high percentage of patients.*” 

This retrospective review of profundoplasty performed 
in 1637 patients undergoing aortic reconstruction con- 
firms the high incidence of multilevel occlusive disease. 


Materials and Methods 


From 1978 through 1988, 1637 patients underwent 
elective aortic reconstruction for aneurysmal (AAA) and 
aortoiliodistal (AI) occlusive disease. Aneurysmal occusive 
disease was the indication for operation in 704 (43%) pa- 
tients (Fig. 1). Aortoiliodistal occlusive disease was the 
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Clinical Material 


1637 
Aneurysms Occlusive Disease 
ee) Net etl Be 
A I 
704 933 
(43%) Oo 1188 (73%) (57%) 


2449 (27%) 
Mean Age: 63.9 


FIG. 1. Aortic reconstruction—clinical material. 


indication for operation in 933 (57%) patients. There were 
1188 men (73%) and 449 women (27%). The mean age 
was 63.9 years. 

One hundred forty-five (8.9%) of the total number of 
patients had a profundoplasty performed in an attempt 
to ensure adequate pelvic and distal perfusion. In 94 pa- 
tients (65%) the profundoplasty was carried into the mid 
or distal PFA. In the remaining 51, the aortofemoral by- 
pass was extended only into the proximal portion of the 
artery. 

Associated disease was common in the profundoplasty 
group with 88 (60%) patients having arteriosclerotic heart 
disease (Fig. 2). Hypertension requiring medication was 
present in 68 (46%) patients, while manifestations of ex- 
tracranial occlusive disease was found in 56 (38%). A his- 


ASSOCIATED DISEASE 


ASHD Hypertension Diabetes 
88 (60%) 68 (46%) 19 (13%) 
Smoking 





89 (61%) 


FIG. 2. Associated disease. 
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SYMPTOMS 


Claudication 


100 (69%) 55 (38%) 


FIG. 3. Symptoms. 


tory of smoking with concomitant COPD was present in 
89 patients (61%). Diabetes mellitus was found in only 
19 (13%). 

One hundred twenty-four patients were operated on 
for occlusive disease. Twenty-one patients with aneurys- 
mal disease had sufficient occlusive disease to require by- 
pass to the CFA in combination with profundoplasty. 
Disabling claudication was the reason for operation in 
100 (69%) (Fig. 3). Rest pain was present in 37 (26%) 
patients and distal tissue loss was found in 18 (12%). 

One hundred eight (74%) patients requiring profun- 
doplasty had one or both SFAs occluded. In 17 (12%) the 
PFA was the only patent artery available in the groin. 

Secondary operations were necessary in 18 patients 
(12.5%), which reflects the severity of atherosclerosis in 
the group. Nine patients needed renal artery revascular- 
ization, while in nine others distal bypass was required to 
help maintain proximal graft patency or to prevent distal 
tissue loss. 

In addition many of these patients had required pre- 
vious arterial reconstruction. Carotid endarterectomy had 
been performed in 28 patients (19%), while 13 (14%) pa- 
tients had required coronary revascularization (Fig. 4). 
Previous distal reconstruction had been performed in 15 
patients (10%), 


PREVIOUS OPERATIONS 


CAB CEA Peripheral 
Reconstruction 
Ai 
13 28 15 
(8.9%) (19%) (10%) 


FIG. 4. Previous operation. 
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Fics. 5A and B. (A) PFA with its collateral. (B) Arteriographic demonstration of collaterals. 


Treatment 


The PFA is an essential middle artery between the trunk 
and the lower extremity. The cascade of collaterals present 
provide perfusion when HA, EIA, CFA, or SFA occlusion 
is present (Figs. 5A and B). 

The PFA arises from the posterior or posteriolateral 
aspect of the CFA. Its initial branches are the medial and 
lateral femoral circumflex arteries followed by three or 

four muscular branches extending for 10 to 15 cm. The 
terminal portion of the artery passes behind the adductor 
longus muscle and is covered by the insertion of the ad- 
ductors. The femoral circumflex arteries anastomose with 
themselves, as well as the gluteal and obturators proxi- 

mally, and the geniculate arteries distally. 

The hepatic artery (HA) arises at the bifurcation of the 
CI opposite the lumbosacral articulation. Its branches are 
parietal and visceral (Figs. 6A and B). These arteries supply 
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the pelvic musculature, pelvic organs, gluteal muscles, and 
skin. The inferior mesenteric artery (IMA), along with the 
branches of the HA, is the origin of the upper pathway 
of collaterals for the hip, thigh, and pelvis. 

External iliac artery or CFA occlusion eliminates the 
deep circumflex iliac and inferior epigastric arteries as 
important sources of collateral flow for the pelvic organs 
and musculature. The iliolumbar, lumbar, internal mam- 
mary, the obturator, and gluteals are the major arteries 
through which the collaterals are mediated from cephalad 
to caudad. 

We prefer the traditional transperitoneal approach for 
the proximal aortic anastomosis. Arterial and Swan-Ganz 
monitoring was used in all cases of aneurysmal disease 
and selectively in aortic occlusive disease. During the pe- 
riod of this review, two blinded random controlled anti- 
biotic studies were ongoing. Auto transfusion became 
available during this study and is currently in use. Epidural 
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FIG. 6A. Stenosis in origin of right HA with occlusion of left HA. 


Fic. 6B. Replantation of IMA. 





anesthesia as an adjunct has been used for the past 3 years 
and has been beneficial both during operation as well as 
in the immediate postoperative period. Intubation was 
shortened by 10 hours in the epidural anesthesia group 
when compared to the control patients. 

The proximal aortic anastomosis is end to end unless 
our arteriographic assessment indicates inadequate pelvic 
perfusion without antegrade CIA perfusion (Figs. 7A and 
B). In aneurysmal disease we will carefully preserve the 
HA flow by a tube graft or anastomosis at or proximal to 
the origin of the HA. In situations of HA aneurysm it 
may well be necessary to sacrifice the HA. In such situ- 
ations extra care must be taken to maintain perfusion to 
the contralateral HA. On rare occasions both HAs have 
been sacrificed. It is in such predicaments that extended 
profundoplasty may be helpful. 

Through an oblique groin incision, the exposure of the 
CFA and SFA is achieved. The PFA exposure requires 
ligation of the large circumflex femoral vein that crosses 
the artery 1 to 2 cm distal to its origin. The exposure 
continues as far distally as necessary to encounter a more 
normal artery. In our experience this can be achieved in 
almost all cases but requires diligence in continuing the 
exposure. A length of 15 to 20 cm can be achieved if 
necessary. The femoral nerve courses along the lateral 
aspect of the SFA and can be preserved during the dis- 
section. 

The CFA is used for the distal anastomosis unless there 
is stenosis or occlusion of the origin of the PFA. Endar- 
terectomy of the CFA alone or in conjunction with the 
PFA will frequently allow an otherwise unacceptable ar- 
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tery to be used. Complete CFA occlusion can be overcome 
if the exposure is extended distally onto the PFA and then 
endarterectomy is performed. Attempts at extension of 
the anastomosis onto the SFA have, for the most part, 
been unsuccessful. The SFA is generally diseased or oc- 
cluded for a significant distance precluding endarterec- 
tomy and extension of the outflow graft. 

After completion of the proximal anastomosis, the in- 
cision is begun in the CFA and carried into the PFA. PFA 
branches are controlled with Potts ties and occlusive 
clamps distally. The arteriotomy is extended to the level 
necessary to achieve a normal or near-normal PFA. 
Sometimes we accept some distal plaquing if the lumen 
and branches appear adequate to accommodate the out- 
flow. 

An endarterectomy is performed in most cases. This 
allows disobliteration of the disease present in the 
branches, which usually is orificial only.’ After endarter- 
ectomy the PFA is of larger caliber and easier to complete 
the outflow anastomosis. If necessary we tack down any 
distal plaque but are careful to extend the arteriotomy | 
cm or more distally to be certain of an adequate outflow. 
In addition to performing an endarterectomy of the PFA 
it is helpful, and sometimes essential, to achieve retrograde 
EIA perfusion as well as PFA outflow. If the CFA up to 
or proximal to the deep circumflex iliac and the inferior 
epigastric can be preserved, the origin of these important 
collaterals can be disobliterated and retrograde pelvic per- 
fusion achieved in proximal EIA occlusion. 

Although patch angioplasty sometimes is used, we gen- 
erally prefer to carry the limb of the bypass graft distally 



































FIG. 7B. Hepatic artery bypass. 
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onto the PFA and have it serve as the patch. This is as 
easy as patch grafting and requires only the one suture 
line. It is not necessary to harvest autogenous tissue and 
another synthetic graft is not required. 

Exposure of the CFA and PFA in the absence of dem- 
onstrated patency on arteriogram is sometimes necessary. 
Unless frank gangrene is present, usually there 1s a distal 
PFA present that can receive inflow and achieve limb 
salvage. 

Realization that profundoplasty may be necessary al- 
lows the perioperative use of platelet antiaggregates. Our 
clinical results with the use of aspirin and dipyridamole 
in extracranial cerebral occlusive disease indicates their 
efficacy in preventing early thrombosis in any artery sub- 
jected to endarterectomy.® Ideally we administer the 
platelet antiaggregates before operation and use Dextran 
during operation. The aspirin and dipyridamole are con- 
tinued during the postoperative period. 


CAUSE OF EARLY DEATH 


Cardiac (3) Colitis (2) Sepsis (1) 
G | | 
Renal Failure (1) Hemorrhage (1) latrogenic 


Aspiration (1) 






1 N 
A 


EARLY COMPLICATIONS 


N % 
Cardiac - 2 15 
Stroke 2 15 
Ischemic Colitis 1 0.7 
Respiratory Insufficiency 1 0.7 
Renal Failure 2 1.5 
Amputation 2 1.5 

1 0.7 


Wound Infection 
B 


Fics. 8A and B. (A) Mortality. (B) Morbidity. 
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LIMBS AT RISK LIMBS AT RISK 
Late 
272 





Occlusion 
À 5 (1 A%) 


Fics. 9A and B. (A) Early graft occlusion (less than 30 days). (B) Late 
graft occlusion. 


g 17 (6.2%) 


Results 


Death occurred in 9 of the 145 (6.2%) patients in whom 
profundoplasty was performed (Figs. 8A and B). The mean 
age was 71.2 years. In three patients death was cardiac in 
origin. Although two patients had infrarenal AAA, exten- 
sive AI and distal disease was present in all the patients 
who died. Mesenteric ischemia and subsequent necrosis 
accounted for death in two patients. Previous aortoiliac 
endarterectomy had been performed in one patient with 
no filling seen on arteriogram in the aorto, CIA, EIA, or 
CFA. The profunda on the left showed faint filling. One 
patient with distal tissue loss before operation developed 
sepsis and amputation failed to control the sepsis or pre- 
vent death. Renal failure leading to death occurred in one 
patient. The patient had an admission creatinine level of 
3.9 mg/dL and was found to have complete occlusion of 
the infrarenal aorta with 75% stenosis of the right renal 
artery and complete occlusion of the left artery. Bilateral 
renal artery bypass, in addition to bilateral profundo- 
plasties, were necessary in an effort to restore flow. One 
patient developed a disseminated intravascular coagulop- 
athy while undergoing a second aortofemoral bypass. As- 
piration with fatal cerebral anoxia accounted for one 
death. 

Nonfatal myocardial infarction occurred in two addi- 
tional patients. Cerebrovascular accidents occurred in two 
patients with survival. Noninvasive evaluation of the ex- 
tracranial cerebral flow helped reduce the incidence of 
stroke. Amputation was necessary in one limb ofa patient 
who occluded both limbs of her aortofemoral graft. She 
had hypoplastic arteries and a 12-mm aortofemoral graft 
was used for the bypass. This failed and thrombectomy 
was unsuccessful. Wound infection occurred in one pa- 
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tient. One patient required colon resection during the im- 
mediate postoperative period while prolonged intubation 
for COPD was necessary in one patient. Both patients 
survived. $ 

Early graft occlusion (less than 30 days) occurred in 
five limbs in four patients (290 limbs; 1.7%) (Fig. 9A). 
Thrombectomy was successful in two limbs but failed in 
one, which required amputation. Distal bypass combined 
with extension of the profundoplasty restored flow in the 
remaining two limbs. 

Follow-up was achieved in all 136 patients. Seventeen 
graft limbs occluded from 2 to 90 months (6.2%) (Fig. 
9B). Distal bypass in five was successful in four but the 
fifth limb required amputation. Thrombectomy was suc- 
cessful in restoring flow in two limbs. Extension of the 
previous profundoplasty restored flow in eight limbs, 
which have remained patent. The occlusion and subse- 
quent limb salvage with an extended profundoplasty con- 
firms the long-term efficacy of this approach. One patient 
early in this series had no attempt at restoration of flow 
because of poor run off combined with insufficient au- 
togenous venous tissue. Bilateral amputation was neces- 
sary. 

Concerns expressed in the literature’ regarding the de- 
velopment of false aneurysm after profundoplasty were 
not substanstiated. In the 272 limbs at risk, two false 
aneurysms (0.7%) occurred at 30 and 51! months after 
operation. Both were repaired by resection, extension of 
the profundoplasty, and Dacron graft interposition. 

Death occurred during the follow-up period in 22 pa- 
tients (Fig. 10). Seven died of unknown causes (31.8%), 
Six were cardiac related (27%), while four (18%) patients 
died of a malignancy. Intestinal ischemia related to arterial 
insufficiency was responsible for two deaths (9%). One 
patient suffered a fatal cerebrovascular accident while one 
patient died from a massive pulmonary embolus. One 
patient died while undergoing surgery for gastrointestinal 
hemorrhage, which was reportedly due to an aortoduo- 
denal fistula (84 months). 


Discussion 


The vital role that the PFA can play in aortofemoral 
arterial reconstruction has been recognized and appre- 
ciated from the early 1960s. Morris! and Leeds? in pre- 
sentations before the International Cardiovascular Society 
in 1960 pointed out the importance of distal outflow 


through the PFA. Neither series actually consisted of pro-. 


fundoplasty, but the orifice of the PFA was mechanically 
dilated or a CFA thromboendarterectomy with removal 
of the atherosclerotic plaque was extended into the PFA. 

Multilevel arterial occlusive disease and extensive 
aneurysmal disease may depend on PFA outflow alone 
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MORTALITY LATE 


AAA 
Occlusive Disease 
Total 


3 (14%) 
19 (86%) 
22 (16%) 


Fic, 10. Late death. 


to maintain pelvic and distal limb perfusion. Long-term 
patency of acrtofemoral grafting is better achieved if 
maximal PFA outflow can be attained. The PFA is fre- 
quently spared extensive atherosclerosis, 1s easily exposed, 
and is of adecuate size to receive the distal limb of an 
aortofemoral bypass. Adequate CFA and possibly EIA 
endarterectomy in combination with profundoplasty may 
aid in maintaining pelvic perfusion when there is extensive 
obstruction with inability of the collaterals to provide flow. 

High-quality biplane arteriograms that detail the sites 
of obstruction and extent of AAA are essential. Some 
consider aortozgraphy unnecessary for AAA if ultrasound 
and computer tomography are performed. Aortography, 
in our opinion, supplies the information that allows the 
surgeon to be certain that adequate pelvic and distal per- 
fusion is restored. Careful arteriographic evaluation will 
frequently allow the surgeon to be aware of the potential 
pitfalls that might present at operation. 

Failure to restore adequate pelvic perfusion either di- 
rectly through the HA or by collaterals from the PFA may 
lead to symptoms of buttock claudication as well as im- 
potence and erectile dysfunction. Catastrophic changes 
with muscle necrosis, skin slough with infection, and death 
may be the severe complications of such pelvic ischemia. 
Loss of HA circulation has also been implicated in lower 
extremity weakness or paraplegia.'® Ligation at the time 
of resection of AAA or acute graft thrombosis with loss 
of hypogastric perfusion is the usual event. Recognition 
and emergent treatment are the patient’s best chance for 
function restoration. 

In addition to profundoplasty, HA bypass or replan- 
tation also can be used to restore direct arterial flow. Sub- 
clinical pelvic ischemia probably occurs more frequently | 
than recognized. Postoperative bowel dysfunction may 
well be from such a situation. Inferior mesenteric artery 
patency can helt to increase the direct arterial flow to the 
colon and prevent ischemia. Atherosclerotic involvement 
of the celiac and/or superior mesenteric artery 1n con- 
junction with sacrifice of the IMA at bypass or aortic re- 
section is also a factor. 

Atherosclerosis is a diffuse, progressive disease that ad- 
vances with varying rapidity in the population. Smoking, 
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dietary indiscretion, and obesity all contribute to the 
progress of the disease. The factor that we cannot control, 
and the most important, is heredity. Despite all these fac- 
tors, a survival of 114 (78.6%) patients in this series of 
profundoplasty with multilevel disease, significant risk 
factors, and multiple procedures to achieve a satisfactory 
result supports an aggressive approach to the correction 
of AAA disease or occlusive disease. 

The long-term patency of 268 (92.4%) graft limbs in- 
dicates that profundoplasty protects the flow after aor- 
tofemoral surgery and reduces the need for distal revas- 
cularization. 

In most situations the PFA ts an artery spared of the 
extensive disease leading to occlusion. Graft patency and 
increased pelvic and distal perfusion can be enhanced by 
profundoplasty with extension of the proximal bypass 
graft. Recognition of the need for profundoplasty will lead 
to better short- and long-term results. 


DISCUSSION 


Dr. ROBERT B. SMITH III (Atlanta, Georgia): Dr. Edwards and his 
associates have re-emphasized for us the importance of the profunda 
femoris artery as a source of collateral flow both to the lower limb and 
to the lower trunk and pelvis. 

The concept of profunda outflow was applied in this series to aorto- 
femoral reconstructions, but I believe it is equally important in other 
lower extremity revascularization procedures such as axillofemoral and 
femorofemoral bypasses. 

I would disagree with Dr. Edwards about only one small technical 
feature of the operation. If a long profundaplasty is required, we prefer 
to use autogenous tissue such as saphenous vein or disobliterated su- 
perficial femoral artery for the distal portion of the hooded patch, mostly 
for ease of suturing. We do agree, however, that the incidence of false 
aneurysms after profundaplasty, which was only 0.7% in their series, ts 
remarkably low when compared with standard common femoral artery 
anastomoses, regardless of the type of patch material used. 

I have two questions for the authors and they both relate to attempts 
to quantify the sufficiency of collateral flow via the profunda. 

First, 9 of your 145 patients required a distal bypass in addition to 
the profundaplasty to achieve limb salvage. How did you determine the 
need for this additional bypass in those’ patients? Was it done on the 
basis of the angiographic findings before operation, intraoperative Doppler 
examinations, or other clinical assessments? Were the extra bypasses 
done concurrently or subsequently? 

Finally, how do you monitor, during operation, the adequacy of pelvic 
or inferior mesenteric arterial flow in patients in whom you may be 
depending almost entirely on retrograde collateral perfusion? 


Dr. JESSE DAVIDSON (Roanoke, Virginia): Dr. Edwards and his as- 
sociates have emphasized the importance of aggressive revascularization 
of the profunda femoris artery at the time of aortoiliac reconstruction. 
This paper represents another fine example of the superb clinical work 
that is performed by the Nashville group. The early patency rate of 98% 
and late patency rate of 92% testify to their technical expertise. 

We support Dr. Edward’s approach to this problem and agree that 
extensive dissection of the profunda femoris artery to the end point of 
disease is necessary to ensure prolonged distal pelvic blood flow as well 
as graft patency. We also support the routine use of transperitoneal ex- 
posure of the aorta, use of adjunctive epidural anesthesia, and use of 
autotransfusion devices, which he mentioned.in his manuscript 

Of the patients presented, the group with ischemic rest pain and isch- 
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emic necrosis of the foot present the greatest challenge, not only because 
they have extensive atherosclerotic disease at the operative site but also 
because of the frequent association of cerebral, coronary, mesenteric, 
and renal occlusive disease. These patients often have total occlusion of 
the superficial femoral artery and significant occlusive disease in the 
profunda. The remaining patent outflow vessel in the groin may be small 
in caliber and have poorly developed collaterals. 

This is such a patient with an abdominal aortic aneurysm who also 
had total occlusion of the common femoral artery at its origin. The 
superficial femoral artery is occluded. The profunda is relatively small, 
but there is a rich development of collaterals in the thigh. The popliteal 
artery is occluded and there is runoff through a single anterior tibial 
artery. 

After an extensive endarterectomy of the common femoral and pro- 
funda femoris artery, we thought that the common femoral was too 
small and too thin for an on-lay graft. Thus an interposition graft was 
placed from the proximal femoral well onto the proximal and midpro- 
funda, at which point the right limb of the aorta femoral graft was then 
placed as an end-to-side graft on the interposition graft. 

Four to six hours into the postoperative period passed before we were 
satisfied that this procedure was adequate revascularization to maintain 
graft patency and limb viability. During this period of observation we 
were concerned that an adjunctive femoral anterior tibial bypass should 
have been performed. 

This is another example of a patient with significant combined aor- 
toiliac and distant disease with rest pain. This patient had a femoral- 
femoral bypass, which was performed when the right leg became acutely 
ischemic from an intra-aortic balloon pump that was placed through a 
right femoral approach during coronary revascularization. When the right 
superficial femoral artery acutely occluded 8 months later, which was 
patent initially, we were left with a very small profunda. 

At the time that we performed aortofemoral bypass, a femoral popliteal 
bypass was also done because of good quality popliteal artery and what 
we thought was a relatively poor profunda. 

Our approach with patients such as these has been to perform complete 
limb revascularization in the face of extensive tissue necrosis in the foot 
provided that the proximal portion of the operation has proceeded in a 
satisfactory fashion. 

Also, if the profunda is very small and moderately diseased throughout 
with occlusion of the superficial femoral artery and there is a reasonable 
distal vessel, we will proceed with a simultaneous distal bypass. 

We have not found hemodynamic measurements to be helpful. Ratios 
or pressures above and below the knee before operation have been stressed 
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by others as accurate predicters of hemodynamic success of profundo- 
plasty. 

I would like to direct several questions to Dr. Edwards. Dr. Smith 
covered the first. Do you have objective criteria by which either clinical, 
angiographic, or noninvasive hemodynamic measurements guide you in 
deciding whether to pursue an extensive profundoplasty or to abandon 
this approach and proceed with simultaneous femoral, popliteal, or tibial 
bypass? 

Second, your late graft failure is 8% with a follow-up of 2 to 90 months. 

As Dr. Smith mentioned, the use of autogenous tissue has been rec- 
ommended in reconstruction of extensive profundoplasties. Do you think 
that the use of an endarterectomized segment of superficial femoral artery 
or the portion of a saphenous vein would allow longer patency? And 
specifically, do you think that placement of a long synthetic graft on the 
profunda creates a situation in which neointimal proliferation will cause 

late graft failure? 

Third, as you pointed out, sometimes there are no vessels visualized 
in the groin on angiography. Exploration may reveal a patent profunda 

, femoris artery suitable for an anastomosis. Have you found that digital 
subtraction angiography with delayed views offers any advantage over 
conventional angiography in visualization of femora] vessels? 

And finally, your wound infection rate is 0.7%, which is very impressive. 
Lymphatic leaks and lymphocele formation are more common after 
extensive groin dissection than with standard femoral artery approaches. 
What is your incidence of significant groin wound complications, spe- 
cifically lymphatic leaks, and what do you think i is the best method for 
closure of the groin wound? 


Dr. WILLIAM H, EDWARDS (Closing discussion): The x-rays Dr. Da- 
vidson showed of the patient with the aneurysmal disease and the distal 
occlusive disease is the fairly typical patient who taxes your ingenuity to 
be sure that you can restore the distal flow. His approach of delay during 
the immediate postoperative period to determine whether distal bypass 
would be necessary is a technique that he learned in Nashville, and we 
continued to believe that this is probably the best approach. To try to 
anticipate what might be needed at the operation, I like to have as many 
facts as possible before beginning. I don’t like surprises in the operating 


room, so I try to assess, on the basis of the arteriographic findings, whether . 
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we will be able to perform resection of an aneurysm without extension 
onto the profunda or the same for occlusive disease. 

There are times when digital subtraction may provide more infor- 
mation about which level of the profunda may be patent, but I think 
the profunda is patent at some level. It may take a little work and effort 
to get there to try to determine how far you will have to go to use it, so 
we try to assess that before operation. 

We have sometimes used the hand-held Doppler. We have not used 
intraoperative pressure measurements. 

I don’t have much feel for whether a patch angioplasty would add to 
the long-term patencies that we hope to achieve with extensive disease 
like this. 

The cause of failure is intimal proliferation, and if there was a way 
we can cause this to regress or prevent its formation, then we might, 
indeed, prevent the failures. 

I have not used autogenous tissue for my patches. I have tended to 
extend the limb of my graft down onto the profunda and let it serve as 
the patch. 

Wound infections continue to plague us. They continue to occur in 
the groin, and yes, we do have lymphatic leaks that we try very hard to 
detect at the time of operation. We try to obliterate them with a suture 
ligature or the use of clips. However they will occur. 

If leaks occur, then we must decide at what point we will re-explore 
the groin to try to obliterate that lymphatic leak. I tend to aspirate once 
or twice. Then we open the wound and obliterate that leakage because 
it can certainly lead to infection. We try to maintain those patients on 
antibiotic agents during the period of time in which we try to stop the 
lymph drainage. 

To answer Dr. Smith’s question, we did not review axillary~femorals 
or femoral~femorals for this purpose, but there are times when it is 
necessary to extend them onto the profunda femorals. 

I did not discuss the false-aneurysm incidence, which, as he said, oc- 
curred only twice in this series, one at 30 months and one at 50 months. 

The fear expressed in the literature that there would be an bn eeeee 
incidence of false aneurysm ts unfounded. 

To monitor within the pelvis and the left colon, we try to ET 
any large meandering artery that we might need to preserve during the 
course of operation, but for the most part have not used anything other 
than the hand-held Doppler. 
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Definitive Control of Mortality from 


Severe Pelvic Fracture 





LEWIS FLINT, M.D., GEORGE BABIKIAN, M.D., MARK ANDERS, M.D., - 


Within a group of 271 patients with pelvic fracture, 69 patients 
met criteria for severe hemorrhage. Sixty consecutive patients 
were treated by a combined multispecialty musculoskeletal 
trauma service using a protocol designed to control bleeding, 
rapidly diagnose and control associated injuries, as well as to 
prepare the patient for open reduction of the pelvic fracture, if 
appropriate. The pneumatic antishock garment, external fixation, 
and angiography were selectively used to control bleeding. Ab- 
dominal injuries were diagnosed using clinical examination and 
diagnostic peritoneal lavage. When lavage aspirate was grossly 
bloody, patients had no negative explorations. Microscopically 
positive lavages were associated with a 50% false-negative rate. 
Using the protocol, the mortality rate was 5%. Overall mortality 
rate was 10%. The combination of a trauma team approach and 
a specifically designed protocol reduces the number of deaths 
from pelvic fracture. 


ELVIC FRACTURE REMAINS an important cause of 

postinjury death and disability. Published clinical 

experience’? has documented that hemorrhage 
from fracture sites, and sometimes from branches of major 
pelvic arteries, causes early mortality, which may approach 
25% to 40%. Associated injuries and sepsis-induced mul- 
tiple-organ failure are implicated in most of the deaths 
not directly due to bleeding.’ Flint and colleagues’ as well 
as Moreno and associates’ have strongly suggested that 
protocols designed to reduce the mortality rate should 
stop bleeding dependably, detect and control associated 
Injuries, and restore hemodynamics. Furthermore accu- 
mulated evidence indicates that patients who are able to 
undergo open reduction and rigid fixation of fractures, 
including pelvic fractures, within the first 48 hours after 
injury have reduced risk of subsequent multiple-organ 
failure.®’ 
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In 1985 a multidisciplinary musculoskeletal trauma 
service was organized as a cooperative venture involving 
the departments of Surgery and Orthopedic Surgery of 
the State University of New York at Buffalo. A protocol 
approach to severe pelvic fracture was developed that em- 
phasizes resuscitation and rapid restoration of normal ox- 
ygen transport, the accurate detection and control of as- 
sociated injuries using standard diagnostic studies and 
multiple operating teams, and preparation of the patient 
to undergo open reduction internal fixation (ORIF) within 
24 hours of admission. This report describes the use of 
this protocol in 60 consecutive patients with major bleed- 
ing pelvic fractures seen during a 53-month period ending 
in June 1989, 


z Materials and Methods 


Patients were admitted to a designated trauma resus- 
citation area. Endotracheal intubation and positive pres- 
sure ventilation were used in all patients with depressed 
level of consciousness, airway obstruction, respiratory 
distress, or clinical signs of hemorrhagic shock (mean ar- 


-terial pressure measuring less than 80 mmHg on admis- 


sion or during prehospital care). Large-bore intravenous 
lines were placed and volume expansion with balanced 
salt solution was followed by transfusion as necessary. 
External bleeding sites were controlled with direct pressure 
and a rapid physical examination was conducted. Pelvic 
fracture was suspected if characteristic physical findings 
were present (Table 1) and the diagnosis was confirmed 
with radiographs using anteroposterior, inlet, and outlet 
views. The pelvic fractures were retrospectively classified 
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TABLE |. Characteristic Physical Findings 


Physical findings suggestive of pelvic fracture 
Groin and suprapubic swelling or ecchymosis 
Tender iliac spines or pubic symphysis 
Unstable pelvis by palpation 

Peripheral neuropathy 


using a modification of the system described by Moreno 
et al.° The classification system is described in Table 2. 
Central and peripheral nervous system injuries were as- 
sessed by neurologic examination, lateral cervical spine 
films, and computed tomographic (CT) scans. Chest and 
abdominal injuries were sought using clinical examination 
and chest radiographs. Patients with widened mediastinal 
shadows underwent thoracic aortography with simulta- 
neous pelvic angiography in selected instances. 

Intra-abdominal injuries were diagnosed by clinical ex- 
amination and diagnostic peritoneal lavage using the in- 
fraumbilical open technique unless pelvic hematoma was 
suspected. A supraumbilical incision was used in patients 
with pelvic hematoma. Standard gross and microscopic 
criteria were used for diagnosis of intraperitoneal bleeding. 
The lavage was deemed grossly positive if more than 8 
mL of blood was aspirated on placement of the catheter 
into the peritoneal cavity. A positive microscopic exam- 
ination of lavage fluid was defined as more than 100,000 
rbc/cmm of lavage fluid. , 

Placement of a Foley urethral catheter was attempted 
in the emergency department if rectal examination dis- 
closed no suspicion of pelvic hematoma. If the prostate 
was displaced or resistance to catheter passage was en- 
countered, contrast urethrography was used to detect ure- 
thral disruption. The presence of gross hematuria man- 
dated contrast cystography to detect bladder rupture, with 
intravenous pyelography or contrast-enhanced CT scan- 
ning used to detect renal injury. 

Severe pelvic fracture bleeding was diagnosed if patients 
required more than 1000 mL of blood within the first 2 
hours after initial resuscitation or if more than 2000 mL 
of blood was required within the first 8 hours after ad- 
mission and after extrapelvic bleeding sites were excluded. 
Patients meeting the criteria for bleeding were managed 
expectantly with additional transfusion if bleeding slowed 
according to clinical criteria. When bleeding persisted 
control was attempted by reduction of pelvic volume and 
immobilization to restrict fracture movement. The pneu- 
matic antishock garment (PASG) was applied and ex- 
tremity compartments were inflated to 40 mmHg. The 
abdominal compartment was inflated to 30 mmHg. The 
garment was deflated at 2- to 3-hour intervals to check 
for complications of PASG use such as compartment syn- 
drome. If clinical evidence of bleeding was ameliorated, 
the PASG was left in place for 24 hours. In a few patients, 
initial reduction of pelvic volume was achieved with ex- 
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ternal pin fixation using iliac wing pins and standard an- 
terior frames. When bleeding continued despite these ef- 


- forts, angiography was performed using the percutaneous, 


transfemoral .Seldinger approach. Localization of the 
bleeding vessel and control of bleeding was accomplished 
using the techniques described by Panetta and associates.* 

Definitive operative care of associated injuries, using 
multiple teams that operated simultaneously, was usually. 
completed within 6 to 12 hours of admission. Computed 
tomographic scans of the pelvis were used to determine 


~ the need for and the type of operative approach for ORIF 


of the pelvis. Patients were deemed acceptable candidates 
for ORIF if pelvic bleeding was controlled, normal he- 
modynamics were restored, and no overt coagulopathy 
was present 24 hours after admission. Final decisions re- 
garding the necessity for ORIF were made by orthopedic 
surgeons who were members of the trauma team. 

Patients were followed until death or discharge from 
the hospital. Injury severity was estimated using the Injury 
Severity Score (ISS).? 


Results 


Two hundred seventy-nine patients with pelvic fractures 
were admitted during the study period. Of these patients 
69 met the criteria for bleeding and 60 consecutive patients 
were managed according to the protocol. The patients 
ranged in age from 14 to 80 years and the median age 
was 30 years. Male patients predominated. Forty-one pa- 
tients were victims of vehicular trauma. Six of the forty- 
one vehicular trauma patients were injured while riding 
motorcycles. No restraint device was used in 32 of the 35 
patients injured in automobile crashes and 12 patients 
were ejected more than 20 feet from the vehicle. Thirteen 
patients were pedestrians stuck by motor vehicles and six 
patients sustained pelvic fractures from falls. Signs of 
shock were present in 26 of 60 (43%) patients. Associated 
injuries were present in 53 of 60 (88%) patients. Table 3 
lists the operations that were necessary to treat these in- 
juries. Of the 46 abdominal explorations performed, in- 
juries requiring repair were encountered in 35 (76%). 
Clinical indications, predominantly refractory shock or 
peritoneal signs, dictated the need for exploration in eight 
patients. The laparotomy was negative in one of these 
patients. Diagnostic peritoneal lavage was grossly positive 


TABLE 2. Classification of Fracture Types 


Type Elements ` 
I Unilateral anterior 
IJ Unilateral posterior 
H Unilateral anterior + posterior 
IV i Bilateral anterior + posterior 
Vv `” Bilateral anterior 
VI Open fractures 


a 
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in 22 patients with no negative explorations. Microscopic 
positive peritoneal lavage was encountered in 16 patients 
with eight negative explorations. Eleven patients had gen- 
itourinary injuries; nine of these were bladder ruptures, 
with two posterior urethral tears. 

The distribution of patients according to pelvic fracture 
type is shown in Table 4 along with the mean ISS for 
each type. As is evident, bleeding is encountered in all 
fracture types but clusters in types 1, HI, and IV. The 
finding of 12 patients with bleeding in those with unilateral 
anterior fractures may represent under diagnosis of pos- 
terior element ligament injury by admission radiographs. 
The range of injury severity scores is indicative of the 
severity of overall injury in these patients. 

Bleeding ceased with | to 2 units of transfusion in excess 
of our definition of severe bleeding in 42 of 60 patients. 
The PASG was used in 12 patients and was successful in 
11. Two compartment syndromes were detected in PASG 
patients. In one of these, severe lower-leg soft-tissue 
trauma was present and the patient was believed to be at 
high risk. The compartment syndrome was detected 
within 1 hour and was treated by fasciotomy. A thigh 
compartment syndrome was diagnosed after laparotomy 
for splenic rupture in a second patient with the PASG in 
place. This also was relieved with fasciotomy. 

External fixation was used for primary control of 
bleeding in four patients and was successful in three of 
these. 

Selective angiography was used as primary therapy in 
one patient with a severe open fracture who bled to death. 
Two patients, one a PASG failure:and the other a failure 
of external fixation, were controlled after identification of 
the bleeding site with angiography. Fifty-two of the sixty 
patients were acceptable operative risks for ORIF within 
24 hours. Of these, 37 ultimately had ORIF of one or 
more fractures. 

The average blood requirement for survivors was 5000 
mL within the first 24 hours and 7500 mL for the total 
hospitalization period. Mean hospital stay was 50 days 
for survivors, with a mean length of stay in the intensive 
care unit of 14 days. 

Three of the sixty (5%) protocol patients died. One pa- 
tient died of bleeding from a massive open fracture with 
external hemorrhage. Two patients died of sepsis. Two 
late deaths occurred from complications of brain injury 
in the protocol group. Two additional patients died in the 


TABLE 3. Operations for Associated Injury 


Operation Number 
Abdominal exploration 46 
Thoracotomy 2 
Craniotomy 2 

I 


Peripheral vascular 
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TABLE 4. Distribution of Injuries According to 
Fracture Type and Severity 


Type No. ISS 
Type I 12 26 
Type II l 29 
Type HI 18 34 
Type IV 24 40 
Type V 2 28 
Type VI 3 i 34 


ISS, Injury Severity Score. 


nonprotocol group. Within the entire group of 69 patients 
meeting the criteria for bleeding, seven died, for a 10% 
mortality rate for the entire group. 


Discussion 


Pelvic fracture mortality has been progressively reduced 
as a result of the formation of trauma care teams within 
hospitals specifically organized to care for the severe mul- 
tiple-injury patient. The data reported here strongly sug- 
gest that a multidisciplinary team consisting of trauma 
surgeons trained in general surgery, orthopedic surgery, 
or both, can achieve very near definitive control of pelvic 
fracture mortality. The protocol described requires, in ad- 
dition to a committed group of surgeons, the support of 
critical care surgeons and nurses, dedicated trauma-ori- 
ented anesthesiologists, an operating room immediately 
available for injured patients, as well as readily available 
radiology, laboratory, and blood bank support. 

Associated injuries requiring operative repair were 
present in most of our patients. The willingness of sur- 
geons to ‘double-team’ operations and the willingness of 
operating room nurses and anesthesiologists to accom- 
modate this approach led to the rapid control of associated 
injuries such that 53 of the 60 patients were ready to un- 
dergo additional fracture fixation procedures within 24 
hours. 

The wide variability of associated injuries observed in 
all recently reported series of pelvic fractures, as well as 
the fact that bleeding is observed in all fracture types, 
suggest that the available classification systems fall short 
of the desired goal of predicting both bleeding and the 
need for interventions such as angiography and external 
fixation. These facts have led experienced surgeons to 
suggest immediate angiography and/or external fixation 
in all patients meeting the clinical criteria for severe 
bleeding. '©!! Cryer and colleagues’? attempted to develop 
a predictive index for bleeding based on pelvic radiographs 
obtained in the emergency department. Although groups 
of patients could be identified with high frequencies of 
bleeding, the risk of severe hemorrhage in individual pa- 
tients could not be predicted. The inability to predict 
bleeding is probably related to limitations of plain radio- 
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graphs to detect ligamentous injury of the posterior pelvic 
elements in the region of the sacroiliac joints. Postmortem 
injection studies have documented that most pelvic frac- 
ture bleeding arises from small- and medium-sized veins 
and arteries near these joints.'? Legitimate questions can 
be raised concerning the use of CT scanning as a screening 
measure to detect posterior element injuries not seen on 
plain radiographs. The time required and the difficulties 
encountered in managing critically ill patients during 
prolonged studies have limited this application in our unit. 

Our data also suggest that applying criteria for trans- 
fusion volume to determine the risk of severe bleeding is 
imperfect in that almost two thirds of patients required 
no specific intervention other than a small amount of 
additional intravascular volume infusion after the trans- 
fusion volume criteria for severe hemorrhage were met. 
On the other hand, the results, in terms of mortality and 
early suitability for ORIF, indicate that the trauma sur- 
geons caring for these patients could make highly reliable 
judgments concerning the need for PASG, angiography, 
and external fixation. 

The reliability of diagnostic peritoneal lavage in the 
presence of pelvic fracture and pelvic hematoma has been 
questioned. False-positive rates of 50% or more have been 
recorded. The trauma surgeon is frequently required to 
determine the priority order for multiple operations such 
as thoracotomy and laparotomy in multiple-injury pa- 
tients. Our data suggest that hemodynamically unstable 
patients with grossly positive lavage will uniformly be 
bleeding significantly from intra-abdominal injuries. By 
contrast microscopically positive lavage in a patient re- 
quiring thoracotomy, for example, would favor perform- 
ing the thoracotomy first. 


In 1979 one of the authors (LMF) reported reduced” 


mortality (27% versus 67%) when a protocol similar to 
the one used in the current patient group was analyzed 
against historical controls.* The data from these more re- 
cent patients represents a prospectively applied test of the 
protocol in a different clinical environment. The data 
confirm the value of the protocol and suggest, in addition, 
the value of external fixation in selected patients because 
three of four patients had bleeding controlled after appli- 
cation of external fixators. McMurtry and associates!! 
have emphasized the usefulness of external fixation in 
patients with separation of the pubic symphysis exceeding 
3 cm. This patient group may be particularly amenable 
to reduction of pelvic volume. Data are not available to 


DISCUSSION 


Dr. J. DAVID RICHARDSON (Louisville, Kentucky): As Dr. Flint men- 
tioned, we had an excellent experience, which we were fortunate enough 
to be able to share with this Association a decade ago with the treatment 
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compare external fixation with PASG. In theory external 
fixation should allow relatively large reductions of pelvic 
volume with small increments of approximation of the 
pubic symphysis. In addition, patient mobility should be 
greater and the risk of compartment syndrome less with 
external fixation. We encountered one compartment syn- 
drome that may have been related to the PASG. The 
PASG, on the other hand, can be applied in the Emer- 
gency Department without placement of an intraskeletal 
foreign body with the attendant infection risk. While per- 
cutaneous placement of external fixators is possible, most 
surgeons use an open technique for pin placement and 
some require general anesthesia. 

On the basis of these data we conclude that a protocol 
approach to severe pelvic fracture that stresses resuscita- 
tion, a multi-system evaluation, a multidisciplinary team 
approach, early definitive control of associated injuries 
and bleeding, as well as aggressive preparation of the pa- 
tient for ORIF results in low (5%) fracture-related mor- 
tality in this severely injured (ISS 26 to 40) patient group. 
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of pelvic fractures with the MAST device, when we were both in Louis- 
ville. He has continued to use that technique and refine the use of MAST 
trousers, and I think the excellent series that he presented today speaks 
well for his efforts. I have no disagreement with anything that he said. 
We continue to use the MAST device ourselves, although not as fre- 
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quently as in the past. We began a randomized study of major pelvic 
fractures 4 years ago using a pelvic fracture grading system with the 
method that Dr. Flint mentioned. We pulled a card after we had classified 
that patient’s fracture and randomized the patient into external fixation 
or the use of MAST garment. Angiography was a fallback for failures of 
both of those methods. After about 16 months, we terminated the study 
because it appeared to us that we were getting better results with the 
external fixation group (especially in the major fracture groups with dias- 
tasis of the pubis). We have not tended to rely more extensively on early 
external fixation, although it does have the potential foreign-body risk 
that Dr. Flint mentioned. 

Several national trauma leaders have tended to discredit the use of 
the MAST for pelvic fractures in recent years, but we believe it is indicated 
in certain circumstances. It reduces the number of nontherapeutic em- 
bolizations that must be done, and in the nontrauma center or small 
hospital, it is very useful for the early stabilization of patients with severe 
pelvic fracture, bleeding, or for the transfer of patients to another center. 

The first question I would ask is, because you have a good experience 
with both the MAST and early fixation, which would you recommend 
to units that would have the capability of doing both? 

Second, there was one element of data in your paper that was fasci- 
nating to me because it mirrors what we continue to find in Louisville, 
and that is the extensive bleeding that we often see in patients who appear 
to have very simple anterior unilateral pelvic fractures. J think you had 
15 of your total group that fell into that-category. Our percentage of 
patients with significant bleeding would be fairly similar. I wonder if you 
have any idea where the bleeding comes from in those particular patients? 
It has been our experience that angiography is negative and is not helpful 
in that group of patients. They are particularly amenable to treatment 
with the MAST device. 


DR. KIMBALL I. MAULL (Knoxville, Tennessee): Dr. Flint is to be 
congratulated on bringing to this Association a follow-up experience to 
his original protocol described in 1979, where he proposed that the pneu- 
matic shock garment should form the first line of defense against exsan- 
guination in the patient with major pelvic hemorrhage, and that only 
those who bleed through the trousers, if you will, need consideration of 
angiographic control. 

We have adopted this approach in our own management in this difficult 
group of patients and have been happy with it. 

Dr. Flint and his colleagues have added early fixation as a second 
modality in certain patients provided that hemodynamic stability can 
be attained. 

Most of the controversy regarding this problem centers around the 
timing of external or internal fixation and whether either procedure plays 
a role in attaining early hemodynamic stability and slowing hemorrhage. 
Dr. Flint’s data tends to support the continued use of external counter- 
pressure and angiography, and J agree with his conclusion. 

I am pleased to see that compartment syndrome was a subject of 
concern in this group of patients and, in fact, was detected in two. We 
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were interested in this early on, but more recently studied in the exper- 
imental animal the effects of inflation of the abdominal compartment 
of the pneumatic antishock garment on cardiopulmonary dynamics in 
association with laceration of the diaphragm. 

All the animals in our study died. Because diaphragmatic injury and 
major pelvic fractures are known to coexist, I would ask Dr. Flint whether 
he has encountered this problem in his series, and what precaution should 
be taken to prevent herniation and acute respiratory failure if we are to 
continue to use the pneumatic antishock garment. 


Dr. JOHN A. MORRIS (Nashville, Tennessee): I have just a quick ques- 
tion for Dr. Flint. Sometimes it is difficult to get our orthopedic colleagues 
to address the posterior fracture, the sacral fracture in the bleeding patient 
without an anterior component. 

With the external fixter device, have you learned how to convince 
your orthopedic colleagues that we need anterior fixation for the posterior 
fracture or should we not use the device in that setting? 


Dr. LEWIS M. FLINT, JR. (Closing discussion): I apprecicate the dis- 
cussants being complimentary to the efforts of the trauma team in Buffalo. 
The coauthors of the paper are all members of that team. Many of them 
are here, and I am pleased about that, and the tribute for all the hard 
work that produced the results that you see should go to them. 

When do we do external fixation? I think I agree that we are doing it 
more and more frequently. The external counter pressure device is used 
more selectively and with the aggressive musculoskeletal team approach 
that is available in Buffalo, the use of the external fixater is increasing 
in frequency. 

Why do we see bleeding in the so-called simple anterior fractures? I 
think this is documentation of the limitation of the admission radiographs 
in determining posterior element damage. 

I guess you could raise a legitimate question and say ‘Shouldn’t you 
do CT scanning as a screening device in these patients?’ We have limited. 
the use of CT scanning in our patients primarily because of the dangers 
of taking bleeding patients to radiology and have used the external counter 
pressure device in these patients. I would agree that angiograms frequently 
do not reveal anything. 

The patients, on the other hand, who have the widely separated pubic 
symphysis face the risk of major arterial bleeding, and angiography is 
more likely to be helpful. Similarly, external fixation is more likely to 
be effective in those patients. 

What about the associated diaphragmatic hernias Dr. Maull brought 
to our attention? In this particular series of patients we did not see a 
patient with a diaphragmatic hernia, but having seen some patients with 
this injury concomitant with pelvic fracture, I think that a high index of 
suspicion is necessary and any suggestive abnormality of the chest x-ray 
must be followed. 

Our group believes that the external fixator has limited use in defin- 
itively fixing posterior element fractures. We would prefer to prepare the 
patient for definitive open reduction, internal fixation of the posterior 


` elements, and we use that as an objective for our treatment protocol. 





Long Peritoneal Lavage Decreases Pancreatic Sepsis 
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_ JOHN H. C. RANSON, B.M., B.CH., and RUSSELL S. BERMAN, B.S. 


Late infection of devitalized pancreatic and peripancreatic tissue 
has become the major cause of morbidity in severe acute pan- 
creatitis. Previous experience found that peritoneal lavage for 
periods of 48 to 96 hours may reduce early systemic complications 
but did not decrease late pancreatic sepsis. A fortunate obser- 
vation led to the present study of the influence of a longer period 
of lavage on late sepsis. Twenty-nine patients receiving primary 
nonoperative treatment for severe acute pancreatitis (three or 
more positive prognostic signs) were randomly assigned to short 
peritoneal lavage (SPL) for 2 days (15 patients) or to long peri- 
toneal lavage (LPL) for 7 days (14 patients). Positive prognostic 
signs averaged 5 in both groups but the frequency of five or more 
signs was higher in LPL (71%) than in SPL (47%). Eleven pa- 
tients in each group had early computed tomographic (CT) scans. 
Peripancreatic fluid collections were shown more commonly in 
LPL (82%) than in SPL (54%) patients. Longer lavage dramat- 
ically reduced the frequency of both pancreatic sepsis (22% LPL 
yersus 40% SPL) and death from sepsis (0% LPL versus 20% 
SPL). Among patients with fluid collections on early CT scan, 
LPL led to a more marked reduction in both pancreatic sepsis 
(33% LPL versus 83% SPL) and death from sepsis (0% LPL 
versus 33% SPL). The differences were even more striking among 
17 patients with five or more positive prognostic signs. In this 
group the incidence of pancreatic sepsis was 30% LPL versus 
57% SPL and of death from sepsis 0% (LPL) versus 43% (SPL) 
(p = 0.05). In these patients, overall mortality was also reduced 
(20% LPL versus 43% SPL). When 20 patients treated by LPL 
were compared with 91 other patients with three or more positive 
prognostic signs who were treated without lavage or by lavage 
for periods of 2 ta 4 days, the frequency of death from pancreatic 
sepsis was reduced from 13% to 5%. In those with five or more 
signs, the incidence of sepsis was reduced from 40% to 27% (p 
= 0.03) and of death for sepsis from 30% to 7% (p = 0.08). 
These findings indicate that lavage of the peritoneal cavity for 
7 days may significantly reduce both the frequency and mortality 
rate of pancreatic sepsis in severe acute pancreatitis. 


patients with acute pancreatitis has been contro- 


T HE THERAPEUTIC VALUE of peritoneal lavage in 
versial. Controlled clinical trials of lavage carried 
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out for periods of 2 to 4 days have produced conflicting 
results.'-? Our own clinical experience has been that the 
institution of lavage in patients with severe acute pancre- 
atitis is frequently followed by a dramatic improvement 
in cardiovascular and respiratory function. Use of lavage 
for periods of 2 to 4 days appeared to be associated with 
a marked reduction in early death from this disease.° Un- 
fortunately the overall hospital mortality rate was only 
slightly reduced. The reason appeared to be that lavage 
did not change the frequency or mortality of late infection 
in devitalized pancreatic and peripancreatic tissue. 

A chance observation in July 1979 raised the possibility 
that a longer period of peritoneal lavage might reduce the 
frequency of late pancreatic sepsis in severe acute pan- 
creatitis. The initial patient-had severe alcohol-associated 
acute pancreatitis with seven positive prognostic signs. 
We had previously limited the period of peritoneal lavage 
to a maximum of 4 days. However, due to a misunder- 
standing, this patient was treated by lavage of the peri- 
toneal cavity for 8 days. The patient’s management was 
complicated by the fact that he and his family adamanily 
refused blood transfusion for religious reasons. He even- 
tually died on the 53rd hospital day due to acute bacterial 
endocarditis. At autopsy his pancreatitis appeared healed 
with no pancreatic fluid collection or infection. Because, 
up to that time, all patients with more than six positive 
prognostic signs had developed pancreatic sepsis,’ the next 
patient who had similar signs received peritoneal lavage 
for 7 days. This second patient had severe gallstone-as- 
sociated pancreatitis with eight positive prognostic signs. 
She recovered completely with no pancreatic sepsis or 
persistant cyst. The present study was, therefore, initiated 
to evaluate whether a longer period of peritoneal lavage 
might indeed be effective in reducing late pancreatic sepsis 


“in patients with severe acute pancreatitis. 
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Materials and Methods 


Patients 


Patients with a diagnosis of acute pancreatitis who re- 
ceived their initial -treatment at New York University 
Medical Center, Bellevue, or the Manhattan Veterans’ 
Administration hospitals between September 1979 and 
October 1988 were eligible for study. The severity of acute 
pancreatitis was estimated by the previously described 
prognostic signs listed in Table 1.8 Only those who had 
three or more positive signs were considered. Five patients 
in whom the diagnosis of acute pancreatitis was made at 
laparotomy during the first 48 hours of treatment were 
excluded because earlier experience has indicated that 
early abdominal surgery influenced the risk of pancreatic 
infection.” This report describes 39 other patients with 
three or more positive prognostic signs whose early man- 
agement included peritoneal lavage. The diagnosis of acute 
pancreatitis was confirmed by computed tomographic 
(CT) studies and operative or autopsy findings in 30 pa- 
tients. In nine patients the diagnosis rested on clinical 
findings and elevated amylase measurements. In two of 
these patients, as described below, early CT findings and 
the clinical course raised doubt about the diagnosis of 
severe pancreatitis. In 28 patients the pancreas and peri- 
pancreatic retroperitoneum were imaged by CT during 
the first 10 days of treatment. In 23 patients this study 
was obtained within 48 hours of admission. The findings 
on CT were graded according to the features listed in Ta- 
ble 2.” 

The patient characteristics are listed in Tables 3 and 4, 
which also include the two pilot patients treated before 
the study period. In the overall group, there were 17 
women and 22 men. Their ages ranged from 22 to 77 
years (mean, 53.1 years). Pancreatitis was associated with 
alcohol abuse in 20 patients. Eleven patients had biliary 
stones, three of whom also consumed excessive amounts 
of alcohol. Three patients had hyperlipoproteinemia 
without alcohol abuse and, in eight, the cause of pancre- 
atitis was undetermined. 


TABLE |. The 11 Early Objective Signs Used to Classify 
the Severity of Pancreatitis 


At admission or diagnosis 
Age more than 55 years 
White blood cell count more than 16,000/cu mm 
Blood glucose more than 200 mg% 
Serum lactic dehydrogenase more than 350 IU/L 
Serum glutamic oxaloacetic transaminase more than 250 Sigma- 
Frankel units% 
During initial 48 hours 
Hematocrit fall greater than 10 percentage points 
Blood urea nitrogen rise more than 5 mg% 
Serum calcium level less than 8 mg% 
Arterial PO less than 60 mmHg 
Base deficit greater than 4 mEq/L 
Estimated fluid sequestration more than 6000 mL 
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TABLE 2. Features Used to Classify Findings on 
Early Computed Tomography 





CT Grade 

A Pancreas and peripancreatic tissues radiographically normal. 

B Pancreatic enlargement alone without inflammatory 
changes in peripancreatic tissues. 

C Inflammatory changes confined to the pancreas and 
peripancreatic fat. ` 

D — One peripancreatic fluid collection. l 

E Two or more peripancreatic fluid collections. 


Treatment 


All patients were initially treated by nasogastric suction, 
intravenous fluids, and standard supportive measures. 
Broad-spectrum antibiotics were administered to all pa- 
tients. Catheters for peritoneal lavage were introduced into >- 
the peritoneal cavity using a formal, 4- to 5-cm incision. 
carried out under local infiltration anesthesia. Lavage was 
initiated within 48 hours of hospital admission. The fluid 
used was an approximately isotonic balanced electrolyte 
solution containing 15 g/L of dextrose (Dianeal®, Baxter 
Health Care Corp., Deerfield, IL). Eight milhequivalents 
of potassium, 1000 USP units of heparin, and 250 mg of 
ampicillin were added to each 2 L of fluid. An alternative 
antibiotic was used if a history of penicillin allergy was 
present. Hypertonic fluid with 42.5 g/L of dextrose was 
used for part of the lavage in some patients. In general 2 
L of lavage fluid were run into the peritoneal cavity under 
gravity during a 15-minute period. It was left tntraperi- 
toneally for approximately 30 minutes and then drained 
out by gravity. This cycle was usually repeated hourly. In 
some patients smaller volumes of fluid and a shorter cycle 
were used because of exacerbation of respiratory distress 
caused by increased abdominal distension. 

Patients were arbitrarily assigned to short lavage for 2 
days or to long lavage for 7 days according to whether 
their chart number was even or odd. 

Excluded patients. Eight patients managed by nonop- 
erative peritoneal lavage during the study period are ex- 
cluded from the formal study group. Three received short 
lavage and five received long lavage. Three patients (two 
short and one long lavage) who died within the first 5 days 
of treatment from respiratory or cardiovascular failure 
are excluded because they did not survive long enough to 
evaluate whether late pancreatic sepsis would develop. 
Two short lavage patients died of respiratory failure on 
days 3 and 5 of treatment. Autopsy in one confirmed 
severe pancreatitis without sepsis but was denied in the 
second patient. The long lavage patient died of cardio- 
vascular collapse despite support that included intra-aortic 
balloon counterpulsation. Laparotomy on day 4 and au- 
topsy the next day showed severe pancreatitis without in- 
fection. 

Two patients were excluded because, despite having 
more than three positive prognostic signs, they did not 
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Age 


59 
64 
76 
51 
76 
68 
70 
4! 
65 
43 
ee 
67 
57 
37 
32 


47 
36 
62 
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Sex 
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Etiology 


GB 
GB 
? 
GB & ETOH 
GB 
GB 
? 
ETOH 
GB & ETOH 
9 


ETOH 

9 
ETOH 
LIPID 
ETOH 


ETOH 
ETOH’ 
GB & ETOH 


Positive 
Prognostic 
Signs 
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TABLE 3. Short Lavage Patients 


CT 
Grade 


ae 


slol Eele ls ele riel] 


> gm 


Abscess or 
Pseudocyst 


Abscess 
Abscess 
Abscess 


Pseudocyst 
Abscess 


— 


Abscess 


Abscess 


moh & 
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Outcome 


Dead—sepsis 
Dead—sepsis 
Alive p drainage 
Alive 

Alive 

Alive p drainage 
Dead—sepsis 
Alive 

Alive 

Alive p drainage 
Alive 

Alive p drainage 
Alive 

Alive 

Alive 


Dead—early respiratory failure 
Dead—early respiratory failure 
Alive—CBD stone 

? pancreatitis 





GB, biliary stones; ETOH, alcohol; LIPID, hyperlipidemia. 


appear to have severe pancreatitis. Both had a normal 
pancreas on CT scan within 48 hours of admission. The 
short lavage patient eventually was found to have a com- 


mon duct stone and may have had cholangitis with ele- tions. 


TABLE 4. Long Lavage Patients 


Positive Days 
Prognostic CT Abscess or 
Age Sex Etiology Signs Grade Pseudocyst Resp. ICU 
36 F GB 8 E Abscess 54 66 
36 F ETOH 6 Abscess 0 76 
56 M ETOH 6 D ~— 0 8 
4} M ETOH 6 E _— 0 10 
60 F GB 6 D ~ 5 8 
56 M ETOH 5 — _ 86 81 
59 F ETOH 5 E ~~ 0 9 
64 F To 5 D Abscess 4 22 
51 M ETOH 5 E oo 0 14 
68 M ? 5 — — 28 31 
64 F LIPID 4 D — 0 9 
29 M ? 3 E Pseudocyst 0 9 
36 F LIPID 3 C — 0 7 
36 F ETOH 3 — = 0 7 
Excluded Patients 
69 F GB 8 — mmm 6 13 
36 M ETOH T — m 44 53 
53 M ETOH 7 E Abscess 37 37 
55 F ? 6 E m 113 113 
51 M ETOH 6 — os 5 5 
77 F GB 5 — _ 13 23 
66 M ETOH 4 A — 0 7 


vated amylase levels. The long lavage patient completed 
only 6 days of lavage because of mild clinical and CT 
findings. Both recovered without pancreatic complica- 


Outcome 


Alive p drainage 
Alive p drainage 
Alive 


' Alive 


Alive 

Dead—late pneumonia 
Alive 

Alive p drainage 

Alive MI CABG 

Dead CVA 

Alive 

Alive p drainage 

Alive 

Alive 


Alive—before study 
Dead—before study 
endocarditis 
Dead—sepsis long by choice 
Dead—brain injury long by 
choice 
Dead—early——CV failure 
Alive—long by choice 
Alive—6 day lavage ? severe 
pancreatitis 





GB, biliary stones; ETOH, alcohol; LIPID, hyperlipidemia. 
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TABLE 5. Comparability of Patient Groups 


Study Group Patients 


Vol. 211 ¢ No. 6 

Lavage Short 
Patients 15 
Mean age (range) 55 (22-76) 
Percentage of women 40% 
Percentage of biltary 27% 
Mean positive prognostic signs 5 
Percentage of =5 positive signs 47% 
Percentage of CT grade E 18% 
Percentage of CT grades D 36% 


Finally three long lavage patients are excluded from 
the study group because their chart number should have 
resulted in a short period of lavage. They received 7 days 
of lavage because this was believed to be indicated by the 
severity of their clinical course. 

The two pilot patients are clearly excluded from the 
study group but are included in the overall reported ex- 
perience. 

Statistical methods. Data were analyzed using the Fish- 
er’s Exact Test using the Statgraphics Statistical Graphics 
System® (Gerard E. Dallal, Malden, MA) method of cal- 
culation. 


Results 
Comparability of Patient Groups 


In Table 5 patients receiving short lavage are compared 
to those receiving long lavage. Among patients in the study 
group, those receiving long lavage were slightly younger, 
included more women, and a smaller proportion with 
gallstones as the only identified etiology. The severity of 
pancreatitis as estimated bv the mean number of positive 
prognostic signs was equal in the two groups. However 
the percentage of patients with five or more positive signs 
in the long lavage group was 71% compared to only 47% 
in those treated by short lavage. Eleven patients in each 
study group underwent early CT examination. Forty-five 


TABLE 6. Study Group Results 


All Patients 


Long Short Long 
14 18 21 
49 (29-68) 54 (22-76) 52 (29-77) 
57% 33% 52% 
14% 22% 19% 

5 5 5.4 
71% 56% 76% 
45% 21% 50% 
36% 36% 29% 


per cent of those studied in the long lavage group had the 
most severe, grade E, CT findings, compared to only 18% 
in the short lavage group. Comparison of the overall pa- 
tients reported in the two treatment groups show similar 
findings. 


Morbidity 


The morbidity of individual patients is shown in Tables 
3 and 4 and is summarized in Tables 6 and 7. Among 
study group patients the incidence of pancreatic sepsis 
was 21% after long lavage, compared to 40% after short 
lavage. Furthermore, while 20% of patients in the short 
lavage group died of pancreatic sepsis, there were no deaths 
from this cause in patients receiving 7 days of lavage (p 
= 0.12). The differences were most marked in those pa- 
tients who had five or more positive prognostic signs or 
who had early CT scans showing peripancreatic fluid col- 
lections (grade D or E). In patients with five or more pos- 
itive prognostic signs, long lavage reduced the incidence 
of late pancreatic sepsis from 57% to 30% and of death 
from sepsis from 43% to zero (p = 0.051). In patients with 
CT scans grade D or E, long lavage reduced the incidence 
of late pancreatic sepsis from 83% to 33% (p = 0.083) and 
of death from sepsis from 33% to zero (p = 0.14). The 
sample sizes are small and these differences do not achieve 
statistical significance. One patient in each group devel- 
oped a late pancreatic pseudocyst without sepsis. Each 
recovered after cyst drainage procedures. 


TABLE 7. Total Experience 


CT 
Grade D 
Patients All 3-4 Signs =5Signs  orE 
Long lavage 
Patients 14 4 10 9 
Deaths 2 (14%) 0 2 (20%) 0 
Abscess 3 (21%) 0 3 (30%) 3 (33%) 
Abscess death 0 0 O* 0 
Short lavage 
Patients 15 8 7 6 
Deaths 3 (20%) 0 3 (43%) 2 (33%) 
Abscess 6 (40%) 2 (25%) 4 (57%) 5 (83%) 
Abscess death 3 (20%) 0 3 (43%)* 2 (33%) 


* p = 0.051. 


CT Grade 
Patients All 3-4 Signs 25 Signs Dor E 
Long lavage 
Patients 21 5 16 11 
Deaths 6 (29%) 0 6 (38%) 2 (18%) 
Abscess 4 (19%) 0 4 (25%) 4 (36%) 
Abscess death 1 (4.8%) 0 1 (6%) 1 (9%) 
Short lavage 
Patients 18 8 10 8 
Deaths 5 (28%) 0 5 (50%) 4 (50%) 
Abscess 6 (33%) 2 (25%) 4 (40%) 5 (63%) 
Abscess death 3 (17%) 0 3 (30%) 2 (25%) 
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There were two deaths in the long lavage group that 
were not related to pancreatic sepsis. The first of these 
was an alcoholic man with five positive prognostic signs. 
He had underlying severe chronic obstructive pulmonary 
disease. He responded well to treatment of his pancreatitis 
but had persistent pulmonary insufficiency that led to tra- 
cheostomy and long-term ventilatory support. He was 
eventually transferred to a pulmonary care unit. At that 
time, 5 weeks after admission, he tolerated oral feedings 
‘and ‘had no clinical or CT evidence of pancreatitis. He 


= was eventually weaned from the respirator but died on 


the 130th hospital day from recurrent pneumonia. The 
second patient was a 68-year-old man with diabetes, hy- 
pertension, chronic renal insufficiency, and peripheral 
vascular disease that had led to a previous lower extremity 
amputation. He suffered a major stroke and died on the 
3ist hospital day. Computed tomography was not avall- 
able at the time of his treatment and autopsy was denied. 
There was, however, no clinical evidence to suggest pan- 
creatic sepsis at the time of death. Because of these two 
deaths, the overall mortality rates in the two groups were 
similar. It should be noted, however, that in patients with 
five or more positive prognostic signs, the overall mortality 
rate was reduced to 20% after long lavage compared to 
43% in the short lavage group. AIl deaths in the short 
lavage group were related to pancreatic sepsis. 

The periods of ventilator respiratory support, intensive 
care, and hospital stay are also shown in Tables 3 and 4. 
No clear differences between the groups were apparent. 

The morbidity and mortality of all patients treated ini- 
tially at our institution during the’study period by peri- 
toneal lavage without laparotomy is summarized in Table 
7. It includes three patients who should have been assigned 
to short lavage but who received long lavage because this 
was considered indicated by the responsible physician. 
One of these patients, who had very severe pancreatitis, 
complete renal shut down. and brittle diabetes, died after 
pancreatic sepsis on the 37th hospital day. Three patients 
excluded from the study group died during the first 5 days 
due to cardiorespiratory failure without evidence of pan- 
creatic sepsis. As in the study group patients, long lavage 
was associated with a dramatic reduction in pancreatic 
sepsis and in deaths from this cause. Again the improve- 
ments were most marked in patients with five or more 
positive prognostic signs and in those with severe pancre- 
atitis by CT examination. In these categories of patients, 
long lavage was associated with reductions not only in 
sepsis and death from sepsis but also with substantially 
reduced overall mortality. 


Discussion 
Evaluation of the treatment of patients with acute pan- 
creatitis is difficult because of wide variation in the natural 
history of this disease or group of diseases and because 
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only small numbers of patients with severe pancreatitis 
receive their primary treatment at any single institution. 
Improvements in supportive care and in the management 
of specific complications appear to have resulted in re- 
duced overall mortality rate.7!° However no specific 
measure has been convincingly shown to prevent com- 
plications or reduce their virulence. 

Interest in the possibility that peritoneal lavage might 
benefit patients with acute pancreatitis was initiated by 
an observation by Wall'' in 1965. He initiated peritoneal 
dialysis in three patients judged to have severe acute pan- 
creatitis, two of whom had frank renal failure. Marked 
clinical improvement was noted after the initiation of 
peritoneal dialysis and two patients survived. After this.a 
number of reports appeared, all of which suggested that 
peritoneal lavage was of benefit to patients with severe 
acute pancreatitis.'*-!>-In 1985 Reynaert!® reviewed 203 
reported patients treated by peritoneal lavage for severe 
pancreatitis with an overall mortality rate of 22.6%. Un- 
fortunately the criteria used to identify patients with severe 
acute pancreatitis varied considerably. Furthermore the 
timing and duration of peritoneal lavage were not stan- 
dardized and, in some patients, placement of lavage cath- 
eters was combined with formal intra-abdominal surgical 
procedures. 

In 1976 we? reported a small controlled clinical trial of 
peritoneal lavage that suggested that morbidity was re- 
duced by this measure. In 1980 Stone? reported a larger 
controlled triel in which 29 of 34 patients treated with 
lavage showed “a decided improvement in the overall 
condition” compared to only 13 of 36 patients treated 
without lavage. Eleven patients in this study underwent 
formal early laparotomy. Further interpretation of this 
group is also clouded by the fact that 17 nonlavage group 
patients were later transferred to lavage therapy. However 
mortality in the final group of 51 patients treated with 
lavage was 14.7% compared to 31.6% in those treated 
without lavage.? | 

Two other small controlled clinical trials*’ and a large 
cooperative study' found no benefit from peritoneal lavage 
in severe acute pancreatitis. The large cooperative trial 
included 91 patients, 45 of whom received peritoneal la- 
vage for 3 days. No difference was found between the 
lavage and nonlavage groups in overall mortality nor in 
the cause or timing of death. These findings may have 
been influenced by the fact that 34 of the 46 nonlavage 
patients underwent diagnostic lavage of the peritoneal 
cavity for prognostic assessment. Furthermore patients in 
the study were cared for in 24 different hospitals that may 
have had differing patterns of treatment. 

Our own initial experience with peritoneal lavage for 
the management of severe acute pancreatitis was sum- 
marized in 1978.° At that time the course of 103 patients 
with three or more positive prognostic signs was reviewed. 
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This included 24 patients whose early management in- 
cluded laparotomy. Twenty-four of the one hundred three 
patients had received lavage of the peritoneal cavity for 
periods of 2 to 4 days. A number of observations were 
made at that time. First overall mortality was not affected 
by lavage but was influenced by early laparotomy. It was 
66.7% in six patients who underwent laparotomy and 
placement of lavage catheters alone and 66.7% in 18 pa- 
tients who underwent other early operative procedures. 
The mortality rate was 16.7% in 18 patients who under- 
went lavage using catheters introduced under local anes- 
thesia and 16.4% in 61 patients who received standard 
nonoperative treatment without peritoneal lavage. Peri- 
toneal lavage did, however, appear to influence the cause 
and timing of death. No lavaged patient died during the 
first 10 days of treatment, while 10 of 22 (45%) deaths in 
nonlavaged patients occurred during this early period, 
primarily as a result of cardiovascular or respiratory fail- 
ure. Almost all deaths in lavaged patients were due to late 
pancreatic sepsis. It was our conclusion that peritoneal 
lavage for periods of 2 to 4 days was a valuable adjunct 
to the management of early cardiovascular and respiratory 
complications of severe acute pancreatitis but did not in- 
fluence the occurrence of the sequellae of pancreatic and 
peripancreatic necrosis, specifically sepsis. 

It was also noted at that time that in clinical reports of 
acute pancreatitis published during the period 1962 to 
1974, death had been attributed to shock or pulmonary 
complications in 66% to 80% of patients’’~*' and most 
such deaths had occurred during the first 14 days of treat- 
ment.”!~?> Death was due to pancreatic sepsis in 14% to 
35% of cases,'®!*?! and these deaths usually occurred after 
the first 2 weeks of treatment.’*!° In our series of 450 
patients reported in 1978, death was due to cardiovascular, 
respiratory, or cerebrovascular insufficiency in 10 patients 
(32%). These deaths occurred on days | to 16 (median, 
day 5). Twenty-two deaths (68%) were associated with 
intra-abdominal sepsis and occurred on days 8 to 131 
(median, day 23). It was clear that, with improvements 
in early supportive care of patients and possibly the use 
of peritoneal lavage, the major cause of morbidity and 
death in acute pancreatitis had become infection of de- 
vitalized pancreatic and peripancreatic tissue.” 

As described above the present study was stimulated 
by a chance observation in a patient with seven positive 
prognostic signs who received 8 days of peritoneal lavage 
in 1979. He did not develop pancreatic sepsis, although 
this was anticipated on the basis of earlier experience. 
Long lavage in a second patient with eight positive signs 
suggested that the initial observation may not have been 
due to chance alone. Accordingly the present controlled 
trial was initiated to evaluate whether 7 days of peritoneal 
lavage reduced the frequency or severity of late pancreatic 
sepsis compared to shorter lavage for 2 days. 
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Patient Selection 


There is no satisfactory method for the precise identi- 
fication at the outset of disease of those patients who will 
develop pancreatic infection. A number of tests, such as 
serum ribonuclease, C-reactive protein or Alpha-1 mac- 
roglobulin levels, or the use of contrast-enhanced CT 
studies, have been reported to be valuable in recognizing 
pancreatic or peripancreatic necrosis.” These tests are, in- 
general, of diagnostic rather than prognostic value. They 
are not, in general, helpful in identifying, during the first 
2 days of illness, those patients who may later develop 
pancreatic necrosis or infection. The prognostic signs listed 
in Table 1 were developed to identify the overall risk of 
complications and death in acute pancreatitis. Although 
not specifically designed for this purpose, there is a rela- 
tionship between the number of signs present and the 
occurrence of late pancreatic sepsis.’ Among 260 patients 
with 0 to 2 positive signs, 2.7% developed pancreatic sepsis 
and 0.4% died of this cause. Of 61 patients with more 
than three positive signs, 34% developed pancreatic in- 
fection and 25% died of sepsis.’ The risk of infection rises 
with increasing numbers of positive signs. Although the 
signs were subsequently refined to more accurately identify 
the risk of late sepsis,”° the signs listed in Table 1 were 
used to select patients for the present study. Any patient 
with three or more positive signs was eligible for inclusion. 
Only 39 patients have been treated by nonoperative peri- 
toneal lavage during a 9-year period. It may be noted that 
in our earlier report 65% of patients who had more than 
three positive prognostic signs had only three or four pos- 
itive signs. In the present group of patients only 33% of 
those treated by lavage had only three or four positive 
signs. This reflects a reluctance by primary physicians to 
submit patients with pancreatitis of only moderate severity 
to peritoneal lavage in view of its uncertain benefits. 

The introduction of CT scanning has, for the first time, 
permitted noninvasive imaging of the pancreas and peri- 
pancreatic retroperitoneum. We have previously reported 
that there 1s a relationship between early CT appearances 
as categorized in Table 2 and the risk of late sepsis.” The 
risk of late sepsis was zero in patients with grade A or B 
findings, 11.8% in grade C, 16.7% in grade D, and 60.9% 
in grade E. Computed tomography was not available 
throughout this study but early CT findings are reported 
when available. It is possible that the addition of contrast 
enhancement may improve the value of CT scanning in 
predicting late sepsis.” However current data indicate only 
that it is of value in recognition, rather than prediction, 
of pancreatic necrosis. 


Timing and Technique of Peritoneal Lavage 


Peritoneal lavage has been started as soon as the di- 
agnosis of severe acute pancreatitis is made and not more 
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than 48 hours after the initiation of treatment in all pa- 
tients. For this reason patients transferred to our insti- 
tution after initial therapy elsewhere are not included in 
the present report. The catheter for lavage is introduced 
by cutdown to the peritoneum under local anesthesia to 
reduce the risk of visceral injury. No such injury has oc- 
curred in this series of patients. Because formal laparot- 
omy increases the risk of late sepsis,°” patients who wn- 
derwent early laparotomy are excluded from the present 
study. 

Hazards of peritoneal lavage include increased respi- 
ratory distress due to abdominal distension by lavage fluid, 
hyperglycemia, and fluid overload if the lavage fluid is 
not returned from the peritoneal cavity. In some patients 
it was necessary to reduce the volume and timing of the 
lavage cycle to prevent undue respiratory compromise. 
In general the volume of peritoneal effluent exceeds that 
of the lavage fluid. If needed the tendency to a net fluid 
loss by the patient during lavage may be increased by 
using hypertonic lavage fluid. When such fluid is used, 
blood glucose levels must be carefully monitored. Two 
patients have developed late incisional hernias at the site 
of lavage catheter placement. However no other serious 
complications of lavage have been observed in the present 
group of patients. 


Efficacy of Long Peritoneal Lavage 


As shown in Table 6, prolonged lavage of the peritoneal 
cavity for 7 days appears-to result in a dramatic reduction 
in the occurrence of late pancreatic sepsis and of death 
from this cause when compared to short lavage for 2 days. 
The changes are most dramatic in patients with five or 
more positive prognostic signs or with CT scans of grades 
D or E. The number of patients in these groups is small 
and the differences do not achieve statistical significance. 
Because there were two deaths in the long lavage group 
that were not related to pancreatic sepsis, the overall mor- 
tality rate in the two groups is similar. It is, however, 
reduced from 43% to 20% in those with five or more pos- 
itive prognostic signs. ; 

To evaluate further whether 7 days of lavage was really 
different from shorter lavage or no lavage:at all, the fre- 
quency of pancreatic sepsis and of death from sepsis has 
been studied in 20 long lavage patients compared to that 
in 16 short lavage patients combined with previously re- 
ported patients with three or more positive prognostic 
signs who received nonoperative lavage for 2 to 4 days 
(17 patients) or were managed by standard nonoperative 
measures (58 patients). The findings in this analysis are 
shown in Figure 1. Patients who died during the first few 
days of treatment without developing sepsis are not in- 
cluded. 

The overall frequency of pancreatic sepsis in the two 
groups is approximately equal, although deaths from sepsis 
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Fic. 1. The incidence of pancreatic sepsis and death from pancreatic 
sepsis in patients treated by 7 day lavage compared to all other nonop- 
erative treatments. *p = 0.03. 


were reduced from 13% to 5% by long lavage. These find- 
ings are, however, related to the relatively small number 
of long lavage patients with only three or four positive 
signs. In this group long lavage reduced the incidence of 
sepsis and death after sepsis from 13% and 5%, respec- 
tively, to zero. In patients with five or more positive signs, 
long lavage reduced the incidence of sepsis from 40% to 
27% (p = 0.03) and of death from this cause from 30% 
to 7% (p = 0.08). 

The possible mode of action of peritoneal lavage is ob- 
scure, but its efficacy has usually been attributed to the ~ 
removal of toxic materials in the peritoneal exudate in 
acute pancreatitis.!!78-° This is, in part, due to an ob- 
servation in 1962 that hemodialysis did not improve sur- 
vival in severe acute pancreatitis.” The conclusion that 
peritoneal lavage acts by removing substances in the peri- 
toneal exudate rather than dialysable material from the 
blood may not be appropriate. Studies of the peritoneal 
exudate found during acute pancreatitis have shown that 
this exudate contains many substances including amylase, 
lipase, phospholipase-A, protease-antiprotease complexes, 
trypsinogen, proteolytic pro-enzymes, prostoglandinlike 
activity, and kinin-forming enzymes. "°? Furthermore the 
exudate has been shown to produce systemic hypoten- 
sion,*>?"? histamine release,*© increased vascular per- 
meability, and inhibition of hepatic mitochondrial 
function.” While removal of such material might explain 
the dramatic immediate clinical improvement, which is 
sometimes observed after the initiation of peritoneal la- 
vage, it is not clear why prolonged lavage should influence 
pancreatic or peripancreatic necrosis or the risk of infec- 
tion of such devititalized tissue. 

Studies of peritoneal lavage in the treatment of pan- 
creatitis in dogs, 8?”55-57 guinea pigs,°® and rats? have 
shown immediate improvement and reduced mortality. 


Vol. 211 + No. 6 


Furthermore lavage is reported to have reduced necrosis 
of the pancreas and peripancreatic fat in some of these 
experimental studies.78??°>°7"9 Experimental studies 
suggest that the addition of protease inhibitors to lavage 
fluid may increase the therapeutic efficacy of this mea- 
sure.°’°”°! However in a controlled clinical trail including 
55 patients treated by peritoneal lavage,’ no benefit was 
observed in those patients randomized to receive aprotinin 
in their lavage fluid. 

Evidence that periods of lavage that are longer than 2 
to 4 days may be beneficial in human acute pancreatitis 
has been provided by studies from Germany. Gebhardt 
and Gall® in 1981 advocated operative debridement of 
necrotic tissue combined with postoperative irrigation and 
sump drainage of the peritoneal cavity. Mortality, in their 
report, was 54% in 84 patients treated for necrotising pan- 
creatitis without postoperative peritoneal irrigation com- 
pared to 37% when irrigation was added. Beger™ has also 
advocated operative debridement of necrotic tissue and 
combines this with postoperative lavage of the lesser 
omental sac. Lavage was continued for an average of 25 
days (range, 5 to 90 days) and it was found that markedly 
elevated levels of pancreatic trypsin, amylase, and phos- 
pholipase-A were present in the lavage effluent for periods 
of 10 to 15 days after operation. If active pancreatic en- 
zymes are released for similarly prolonged periods in un- 
operated patients, this may provide an explanation for 
the benefits of long lavage observed in the present study. 
In Beger’s report, the overall mortality rate was 8.1% in 
74 patients who had an average of 4.5 positive prognostic 
signs treated in this way. It is possible that these excellent 
results may, in large part, be due to prolonged peritoneal 
lavage. 

In contrast a controlled clinical trial in Finland? com- 
pared laparotomy with postoperative pancreatic drainage 
to laparotomy and postoperative lavage of the lesser 
omental sac for a mean of 6.8 days (range, 4 to 12 days). 
Twenty-four patients were included in this study and had 
an average of 4.7 to 4.5 positive prognostic signs (Table 
1). No reduction in the frequency of pancreatic infection 
was observed and the overall mortality rate was higher in 
the lavage group (36%) than in the drainage group (17%). 
Jt must be emphasized that all patients in this last study 
underwent laparotomy and that lavage was begun on day 
4.1 + 3.6 of symptoms. 

Infection of devitalized pancreatic and peripancreatic 
tissue has become the major cause of morbidity and death 
in severe acute pancreatitis. The present controlled clinical 
trial and retrospective comparison to earlier experience 
strongly suggests that lavage of the peritoneal cavity for 
periods of 7 days may dramatically reduce the incidence 
and mortality from pancreatic sepsis in severe acute pan- 
creatitis. The number of patients treated by prolonged 
peritoneal lavage is not large. However the morbidity of 
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long lavage is small and these findings indicate the need 
for wider evaluation of this therapeutic approach. 
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far as I can tell, but they do make a reviewer's mind uneasy. 
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The p value for significance of differences observed between the long 
and short lavage is 0.05, and for comparison between 7-day lavage and 
other nonoperative treatment the value is 0.03. If one is a purist, 0.01 p 
values with Fischer’s t test may be preferable. However the general trend 
of the study seems, aS you have seen from his data, to favor the 7-day 
lavage group. It would seem from just a guess that Dr. Ranson would 
need to double his experience and maintain the present trend to achieve 
the perfect nervana of 0.01 significance. 

ĮI have trouble understanding the mechanics of how peritoneal lavage 
prevents retroperitoneal fat infection and necrosis, especially because the 
lesser sac is not opened, It might be relevant to note that in our cases of 
pancreaticoduodenectomy in which the retroperitoneum is widely ex- 
posed, the most common cause of death used to be hemorrhage from 
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retroperitoneal sepsis, which was due to leakage of pancreatic juice. We 
have found that when the amylase concentration in the drainage returns 
rises into the thousands per milliliter, peritoneal lavage has had a very 
remarkable effect in reducing hemorrhage and retroperitoneal infection. 


Dr. HENRY A. PITT (Baltimore, Maryland): Dr. Ranson and his col- 
leagues have made important contributions to the staging and treatment 
of patients with acute pancreatitis. In fact, Dr. Ranson presented to this 
Association 5 years ago the concept of CT grading, which subsequently 
has been adopted by many researchers in this area. He has also been a 
champion of peritoneal lavage for the treatment of acute pancreatitis 
and first published on this issue 13 years ago. However, the value of 
peritoneal lavage for acute pancreatitis has remained controversial, and 
I am concerned that this paper will increase rather than resolve that 
controversy. 

The study that was presented today was very difficult to do because 
it properly focused on the small subset of patients with the most severe 
forms of pancreatitis. It took the authors almost 10 years to complete 
this study, and even then the numbers of patients remained small, and 
more than 20% of the patients randomized to the study had to be ex- 
cluded. Even though important trends were observed in favor of peritoneal 
lavage, the most important end point, patient survival, did not differ 
significantly between the two groups. 

One concern that I have with the study is the fact that it took 10 years 
to accomplish. During that time, a number of factors have evolved in 
the management of these patients, including the types of antibiotics that 
were given, the methods of nutritional support, the use of guided-needle 
aspiration of peripancreatic fluid collections, and even the type of surgery 
performed when infected and uninfected peripancreatic necrosis was 
encountered. An important question, therefore, is whether the two groups 
really were comparable with respect to all those parameters that were 
changing over that [0-year period of the study. 

I also have a questions that is similar to that asked by Dr. Braasch. If 
this technique really does work, how does it work? How can lavage of 
the peritoneal cavity, even for 7 days, reverse a process that is going on 
in the lesser sac and the retroperitoneum? 

My final question is where do we go from here? If we were to repeat 
this study in 1990, what would we do differently? Would we embark on 
a multi-institutional study to keep the many factors that I mentioned 
from changing over the length of the study? Would we have a control 
group that actually had no peritoneal lavage as opposed to two days? 
Would we still put ampicillin into the lavage solution as opposed to no 
antibiotics or some newer broad spectrum regimen? Would we focus on 
the most severe patients, those with five or more of the grave signs, or 
those with the most severe CT grades? 

I believe this study shows important trends but it must be repeated 
with a larger number of patients over a shorter period of time. 


Dr. HENRY L. Laws (Birmingham, Alabama): I would like to ask 
two questions, Dr. Ranson. Was there any difference in the respiratory 
failure component or respiratory function in the two treatment groups? 
And did you have any trouble with your fluid balance with a fairly simple 
form of lavage going on for 7 days? 


Dr. GEORGE L. JORDAN, JR. (Houston, Texas): I, too, have some 
questions. Dr. Ranson, as was noted, has made many contributions to 
the treatment of this very difficult disease, which ] am sure causes pre- 
mature graying in all of us dealing with patients with five or more Ranson’s 
criteria. 

Why did you exclude patients who had three or more positive signs? 

You spoke of patients being excluded who died at 5 days. I would 
have thought that the lavage would have been already started and would 
have been in the process by then, and I don’t know why they would be 
excluded. 

I also don’t know why operative patients would have been excluded. 
They could have been randomized to both series and would still have 
been appropriate, as far as I am cancerned. 

How did you arrive at the consideration that 48 L per day is the proper 
amount? That is an incredible amount of nursing activity. It is an in- 
credible fluid exchange, and I wish you would tell us how you arrived 
at that particular value. 
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Also, I had not been impressed that the 2-day lavage was really helpful 
to patients, and, as I have said to my students, it was an expensive way 
for patients to die because they were kept alive longer. It improved them 
temporarily but did not really change their ultimate outcome of survival 
versus death, regardless of what it did for sepsis, so to me the real key 
to this is living and dying more than just sepsis. If the patient dies, whether 
he or she dies of sepsis or other complications of their pancreatitis, does 
not really change the situation very much. I would appreciate comments 
on the overall death rate for this problem, but more specifically on the 
reasons for excluding patients and how you chose the 48 L per day. 

Dr. Braasch said they gave | L per day and saw improvement. There 
is a big difference between | L, which is easy, and 48 L, which is more 
difficult. 


Dr. WATTS R. WEBB (New Orleans, Louisiana): I have one quick 
question. Is there evidence of any real mechanical effects of this much 
lavage, or are we just seeing effects of large doses of intraperitoneal 
antibiotics? 

Could you achieve the same thing just by giving intraperitoneal an- 
tibiotics without the massive lavage? 


Dr. JOHN H. C. RANSON (Closing discussion): One of the major ques- 
tions raised by Dr. Braasch and also picked up by Dr. Jordan was the 
question of exclusions. In the manuscript the excluded patients are also 


` reported and a comparison of the whole long lavage group with the short 


lavage patients is presented. The general findings are similar to those in 
the narrow study group. 

The specific reasons for excluding patients were, for example, death 
of three patients during the first 48 hours of treatment. There were two 
short lavage patients and one long lavage patient, and they are included 
in the presentation of the overall data. We excluded them from the specific 
presentation today because we thought that the fact that the two short 
lavage parients had died of respiratory failure before they had time to 
develop sepsis was unfair weighting against the short lavage group. 

Dr. Jordan asks why we excluded the patients who underwent diag- 
nostic laparotomy within 48 hours. The reason is that in the data we 
previously presented here, our initial experience with peritoneal lavage, 
the mortality rate in the groups with three or more signs that were treated 
by laparotomy and lavage was 60%, and in the patients with three or 
more signs treated with nonoperative peritoneal lavage, the kind we are 
discussing here, the mortality rate was about 16%. Just making an incision 
seems to have a dramatic influence on the occurrence of sepsis. The 
other reason was that there were, in fact, very few patients who had 
laparotomy. I believe there were six patients who were excluded for that 
reason, and we thought that to include them with the patients who were 
treated without operation would confuse the issue. But to repeat, the 
exclusions are included in the manuscript. f 

There have been a number of comments about the difficulty in dem- 
onstrating statistically valid differences in clinical studies of acute pan- 
creatitis, and this is due to two factors. One is the marked heterogeneity 
of the populations of patients we are dealing with, and second, if you 
are looking at something that has to do with treatment of severe pan- 
creatitis, a very small number of patients with severe pancreatitis are 
seen in any given institution. As Dr. Braasch and Dr. Pitt noted, it has 
taken us 9 years to accumulate even the small number of patients reported 
here. We did not include anyone who was initially treated elsewhere and 
then transferred to our institution because of the fact that the management 
during the first 3, 4, or 5 days in other institutions was so variable. For 
these reasons, it is very difficult to accumulate enough patients to enter 
into a controlled trial to have numbers that reach statistical validity and, 
indeed, if you look at virtually every controlled clinical trial in acute 
pancreatitis in the literature, they all show no benefit in part because of 
this reason. 

There were a number of questions about how lavage works, if it works 
at all. Peritoneal lavage is generally thought to work in pancreatitis by 
removing substances in the peritoneal exudate in these patients, and | 
admit that I never would have guessed that a period of 7 days of lavage 
would have any influence on late pancreatic sepsis. This study was ini- 
tiated by a chance observation. There may be some clues as to why it 
works, if it works, from the research in Germany. Drs. Gall and Beger 
and others have favored operative debridement of the pancreas followed 
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by long peritoneal lavage. Dr. Beger has demonstrated that in that par- 
ticular setting active pancreatic enzymes are released into the peritoneal 
cavity for periods of 15 or more days. If, in fact, the pancreas is releasing 
active proteases into the peritoneal cavity or into the peripancreatic tissues 
for that prolonged period of time, it is possible that if this longer period 
of lavage is indeed helping, it is because it is removing those enzymes. 

Dr. Pitt commented on the question of the long period of time that 
it has taken us to accumulate this data. In terms of the study itself, the 
patients were treated about equally during the 9-year period, so I think 
that whatever differences or improvements in the overall management 
would have been equally applicable to the short and long lavage group. 
It is a very valid criticism of that last slide in which I compared 20 
patients treated by long peritoneal lavage with a large group of patients 
who were treated either without lavage or for short periods of time because 
that group of patients indeed goes back over a much longer period of 
time. 

Dr. Jordan asked why we use 48 L per 24 hours of lavage, and I have 
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no answer to that, Dr, Jordan. That is the way we started and that is the 
way we have continued. It is quite possible that a much smaller volume 
over a shorter period of time would be equally as effective. 

Dr. Laws, there were no differences in the respiratory failure in the 
two groups. It was equally severe in both groups, and there were no 
problems with lavage in terms of fluid balance. It is a major nursing 
undertaking, but we have not had any problems with that. 

Dr. Webb, finally, are we, in fact, doing anything with lavage or is it 
just that we are using intraperitoneal antibiotics? We have no data to 
answer that suggestion, but I think that the amount of antibiotic actually 
absorbed in this setting would be so small that I doubt very much that 
antibiotics that were present had any influence. I believe if it is effective, 
it is a mechanical effect. l 

Again I appreciate the privilege of presenting this, and I would like to 
say again that if this is true, this will be the first measure in pancreatitis 
that may, in fact, have an influence on overall mortality, other than 
supportive care. 
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Duplex scan to diagnose deep venous thrombosis is an established 
technique. As experience accumulated, patients with free-floating 
thrombi were identified. A retrospective review of 65 patients 
was performed to study these thrombi, to evaluate treatment 
regimens, and to analyze patient outcome. A 26% incidence of 
pulmonary embolus occurred. However patients who had bilateral 
free-floating thrombi had a 42.8% incidence of pulmonary em- 
bolus. Receiving a 7-day course of heparin therapy with a partial 
thromboplastin time (PTT) at 1.5 times control was 53.2% of 
patients; 55.4% of the patients underwent follow-up examination, 
and the mean time to clot attachment was 9.2 days. Patients 
should receive anticoagulation for 10 days or until clot attach- 
ment. Patients with persistent, bilateral free-floating thrombi, 
or propagation of thrombus are candidates for potential caval 
interruption. Serial scans should be performed to monitor the 
thrombus for attachment or alteration. 


nique to diagnose intravenous thrombosis of the 

extremities. Conceived by Barber et al.! and ap- 
plied to venous diagnosis of the lower extremities by Tal- 
bot,” many studies have demonstrated the accuracy and 
usefulness of the examination. The scan provides addi- 
tional anatomic and functional information about the 
veins and can define thrombus morphology. The advan- 
tages of the study also pose dilemmas. As more patients 
were examined, the presence of an unattached or free- 
floating proximal end of the thrombus was noted. To un- 
derstand the diagnostic and therapeutic implications of 
this finding, a retrospective review of patients identified 
with a proximal free-floating thrombus component was 
performed. The objectives of the study were to obtain 
information about the thrombus, the influence of treat- 
ment on the thrombus, and patient outcome. With this 
data management recommendations might be made. 


T HE B-MODE DUPLEX scan is an established tech- 
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Methods 


From May 1986 until August 15 1989, 2527 consec- 
utive patients were scanned for venous thrombosis of the 
lower extremities. Three-hundred ninety-nine (15.8%) 
patients were diagnosed with deep vein thrombosis. Sev- 
enty-four of the patients with thrombosis (18.5%) had a 
free-floating thrombus that was defined as an unattached 
proximal thrombus tail, without quantifying the length 
of the free segment. The records of nine outpatients were 
not available and these patients were excluded from the 
study. Sixty-five (16%) patients were entered into the 
study. All scans were performed with a Duplex scanner 
with 4 MHz and 8 MHz moving mirror-fixed transducers 
integrated with a 5 MHz pulsed Doppler (Biosound Inc., 
Indianapolis, IN). The scans were performed by two tech- 
nologists and interpreted by two staff surgeons in the 
manner previously described.’ Subsequent follow-up pa- 
tient scans as well as treatment regimens were determined 
by the individual patient’s physician. Previous studies at 
our institution documented the diagnostic accuracy of 
our venous duplex scanning.** 


Results 


The 65 patients ranged in age from 18 to 99 years, with 
a mean age of 57 years. The group included 35 (54%) 
women, with a mean age of 70.4 years, and 30 (46%) 
men, with a mean age of 63.1 years. Multiple risk factors 
were noted in £7 (87.7%) patients, which included age 
over 40 years (94%), malignant neoplasms, cardiac disease, 
neurologic problems, postoperative status, trauma, and a 
history of previous deep vein thrombosis (Table 1). The 
mean length of hospital stay was 21.98 days. Eight patients 
died. One death was presumed to be due to a pulmonary 
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TABLE |. Risk Factors 


Conditions n % 
Malignant neoplasms 15 23.0 
Postoperative 12 18.5 
Neurologic 19 15.4 
Cardiac 3 12.3 
Trauma 8 12.3 
Previous DVT 3 4.6 
Age >40 3 4.6 
Other 5 9.3 
Multiple 57 87.7 


embolus. One death was attributed to a complication of 
heparin therapy. Six deaths were caused by the patients’s 
primary illness. 


Site of Involvement 


The left lower extremity was primarily involved by a 


free-floating thrombus in 43 (66.2%) patients and diag- , 


nosis was made primarily in the right lower extremity in 
22 (33.8%) patients. Bilateral involvement occurred in 18 
(27.7%) patients, of whom 14 (21.5%) had bilateral, free- 
floating thrombi (Tables 2 and 3). 


Pulmonary Emboli 


Seventeen (26%) patients incurred pulmonary emboli. 
In fourteen patients the embolus was documented by V/ 
Q scan, in one patient by autopsy, and in two patients by 
strong presumptive evidence, which included symptoms, 
abnormal blood gases, and the disappearance of the free- 
floating thrombus discovered by duplex scan. In six pa- 
tients the scan was performed before the occurrence of 
pulmonary embolus, five of whom were on treatment or 
had completed treatment before embolization. Six of 
fourteen (42.9%) patients with bilateral free-floating 
thrombi spawned pulmonary emboli (Table 4). Thirteen 
patients with pulmonary emboli had free-floating thrombi 
proximal to the superficial femoral veins, two in the su- 
perficial femoral veins and two in the popliteal veins. In 
these latter four cases we suspect that the thrombi rep- 
resented remnants subsequent to embolization. 


TABLE 2. Free-floating Thrombus in Left Lower Extremity 


Involvement Site Left 


Vein Site n (PE) BIL (PE) BILFF (PE) 
CFV-EI 7 (2) 3 a) > (1) 
CFV 12 (6) 4 8) 4 (3) 
SFV/CFV 14 (3) E 3 as 
SFV 6 (1) 1 (1) 1 (1) 
POP 4 0 = ae 
Total 43 (66.2%) (13) Il (5) 10 (5) 


PE, pulmonary embolus; BIL, bilateral; BIL FF, bilateral free floating. 
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TABLE 3. Free-floating Thrombus in Right Lower Extremity 


Involvement Site Right 


Vein Site n (PE) BIL (PE) BILFF (PE) 
CFV-EI 4 (1) I (+) i E 
CFV 2 (1) = (—) — (—) 
SFV/CFV 5 — az (—) — (—) 
SFV 6 (1) 4 (—) i (—) 
POP 5 (1) 2 (1) 2 (1) 

Total 22 (33.8%) (4) ey 4 (1) 


PE, pulmonary embolus; BIL, bilateral, BIL FF, bilateral free floating. 


Follow-up Examination 


Follow-up duplex scans of 36 (55.4%) patients were 
reviewed to ascertain changes in the thrombi. Free-floating 
thrombi in 21 patients became attached to the vein wall 
between the 4th and 18th days, with a mean time of 9.19 
+ 3.7 days. Ten patients demonstrated unattached 
thrombi from 3 to 22 days, with a mean time of 7.6 + 6.1 
days. The proximal portion of the thrombus disappeared 
in four patients, confirming embolization. The floating 
thrombus in one patient treated with urokinase lysed in 
1 day. Five patients exhibited propagation of the thrombus 
while on heparin therapy or after treatment was stopped. 


Treatment 


Sixty-two (65.4%) patients were treated with heparin 
for 9.87 + 3.7 days. Two patients had bleeding compli- 
cations requiring transfusions. One patient died of an in- 
tracranial hemorrhage. 

Using a therapeutic partial thromboplastin time (PTT) 
as two times control, 39 (62.9%) patients were in the ther- 
apeutic range within 24 hours, 49 (79%) patients within 
72 hours, and 57 (91.9%) patients by the fifth day of ther- 
apy. Fourteen (22.5%) patients remained in the therapeu- 
tic range for 1 week. Ten of sixteen patients with pul- 
monary emboli and treated with heparin (62.5%) reached 
the tnerapeutic level in 24 hours, and 12 (75%) patients 
within 72 hours. 

Using the currently recommended therapeutic PTT as 
1.5 times control,’ 51 (82.3%) patients reached the ther- 
apeutic range in 24 hours and 60 (96.8%) patients within 
72 hours. Thirty-three (53.2%) patients remained in the 
therapeutic range for 7 days. Thirteen of sixteen patients 


TABLE 4. Bilateral Thrombosis 


All Patients Bilateral DX Bilateral FFT 
Total . 65 18 (27.7%) 14 (21.5%) 
PE—documented 15 (23%) 5 (27.8%) 5 (35.7%) 
PE—empirical 2 (3%) 1 (5.6%) 1 (7.1%) 
Total PE 17 (26%) 6 (33.3%) 6 (42.9%) 


PE, pulmonary embolus; DX, diagnosis; FFT, free-floating thrombus. 
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with pulmonary emboli who received heparin (81.3%) 
reached the therapeutic level in 24 hours and 100% were 
in the therapeutic range in 72 hours. 

Greenfield filters were placed in 16 patients (24.6%), 
13 of whom also received heparin. Nine (56.3%) patients 
received filters because of persistent or propagating floating 
thrombi while on heparin therapy. Five of these patients 
developed the pulmonary embolus before anticoagulant 
therapy. Four patients had contraindications to heparin 
therapy, although one patient with cerebral metastatic 
adenocarcinoma subsequently received heparin. Filters 
were placed in two patients because of bleeding compli- 
cations of heparin therapy. One patient who received a 
filter subsequently embolized from a proved thrombus 
that developed on the previously placed filter. 


Residual Thrombi 


Ten patients had scans that demonstrated thrombosis 
interpreted as residual thrombi after embolization. One 
patient died after 8 days of heparin therapy. A second 
patient clinically sustained a pulmonary embolus, al- 
though the V/Q scan was not definitely positive. In both 
instances the scan documented a loss of the proximal free- 
floating thrombus. The remaining eight patients all had 
documented pulmonary emboli. The venous scans con- 
firmed the diagnosis of venous thrombosis and the more 
distal locations of the thrombi were consistent with em- 
bolization of the proximal portions of the thrombi. 


Recurrences 


Recurrent events occurred in four patients. Two pa- 
tients had documented recurrent pulmonary emboli. A 
third patient was readmitted for a massive pulmonary 
embolus subsequent to hospitalization for lower extremity 
trauma and clinical evidence of a pulmonary embolus 
not confirmed by V/Q scan. A venous scan was not per- 
formed at the first hospitalization. The fourth patient had 
a recurrent free-floating thrombus in the left lower ex- 
tremity | month after therapy for a floating thrombus in 
the right lower extremity. 


Discussion 


The ability to image deep veins of the lower extremities 
noninvasively by duplex scan is confirmed by several re- 
cent studies.>-°*"!! Although not yet reliable for evaluation 
of the iliac veins, the distal portion of the external iliac 
vein sometimes may be visualized. Norris noted in a study 
of free-floating iliofemoral thrombi that this is a clinical 
dilemma that is not yet well evaluated.'? Surely the entity 
of free-floating thrombus has existed in many cases, pre- 
viously unrecognized, and was successfully treated. As 
more information is obtained, will diagnostic and thera- 
peutic maneuvers require change? Repeated scans may 
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permit the determination of the evolving thrombus and 
its natural history. 

This study confirms the preponderance of deep vein 
thrombosis in women, the left lower extremity, the known 
and multiple risk factors, and the significant bilateral in- 
volvement. Unexpected was the incidence of bilateral free- 
floating thrombi in nearly one fourth of the patients. Of 
this subgroup, nearly 50% experienced pulmonary emboli. 
Bilateral free-flcating thrombi serve as a marker for in- 
creased risk of pulmonary embolus. 

The incidence of pulmonary emboli in these patients 
(26%) is less than that noticed by Norris in patients with 
free-floating iliofemoral thrombi (60%).'* The difference 
appears related to the more distal site location of the 
thrombi in this study. However the study emphasizes that 
the free-floating thrombus, above the knee but below the 
inguinal ligament, is also a potential embolus. 

Duplex scan can diagnose and monitor the progress of 
intravenous thrombosis and the effectiveness of antico- 
agulant therapy. Propagation, attachment, resolution, or 
movement of the thrombus can be observed. Previous 
observation suggested that free-floating thrombi do not 
readily attach to the vein wall. Data from our follow-up 
scans indicate that the time of attachment was 9.2 days 
and that the majority of thrombi were unattached at the 
fourth day of therapy. After the initial scan, interval scans 
on the third, sixth, and tenth day, or until thrombus at- 
tachment should identify patients at high risk for pul- 
monary embolus. A propagating or persistent floating 
thrombus noted in 13 of these patients is a marker for a 
possible pulmonary embolus. Seven of these patients ex- ` 
perienced a pulmonary embolus. The observed loss of the 
proximal portion of a thrombus can indicate a pulmonary 
embolus despite the results of other diagnostic studies. 

Therapy and physician treatment practices vary.'? 
Current recommendation for anticoagulation of 7 days 
or less before long-term oral anticoagulation may not 
be appropriate," allowing subsequent propagation of 
thrombi, as was seen in five of the patients in this study, 
three of whom had pulmonary emboli. Treatment with 
heparin for a minimum of 10 days or until thrombus 
attachment with a PTT of at least 1.5 times control ap- 
pears warranted in these patients. With propagating 
thrombus or with persistent floating thrombus for 10 days 
while on therapy, or with bilateral free-floating thrombi, 
vena caval filter implantation may be required. 

We conclude (1) duplex scan, in areas accessible to 
imaging, can idenzify patients who have deep venous free- 
floating thrombi and who are at risk for pulmonary em- 
boli; (2) patients with bilateral thrombosis, especially bi- 
lateral free-floating thrombi, are at increased risk of em- 
bolization; (3) to monitor free-floating thrombi after the 
initial study, duplex scan should be performed at the third, 
sixth, and tenth cay or until thrombus attachment; (4) 
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Anticoagulation for 10 days or until thrombus attachment 
is recommended; (5) patients with propagating, persistent 
floating or bilateral floating thrombi are potential can- 
didates for caval interruption; and (6) a carefully designed 
prospective study would help to elucidate questions raised 
by this review. 
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DISCUSSION 


DR. ROBERT BARNES (Little Rock, Arkansas): Dr. Berry and his col- 
leagues have provided us with a contemporary study of the risk of free- 
floating venous thrombi of the lower extremities, a subject originally 
investigated by Norris working in our laboratory at the Medical College 
of Virginia in Richmond. 

Although both of those studies were retrospective, the current reporting 
includes a much larger series of femoropopliteal free-floating venous 
thrombi detected by duplex scanning, whereas Norris reviewed iliofemoral 
venous thrombi decumented by venography. I have several concerns 
that may influence the conclusions drawn from this study. 

First, the authors only report the outcome for 65 patients with free- 
floating venous thrombi. Without information about the course of the 
325 patients with adherent thrombi, | find it difficult to accept a change 
in therapeutic approach for free-floating thrombi. 

Second, it is unclear as to when the pulmonary emboli occurred in 
relation to the initial detection of the venous thrombi by duplex scanning. 
Unless routine lung scanning is carried out, both at the time of initial 
diagnosis and later in the course of treatment, I would take issue with 
the recommendation that heparin therapy be extended until thrombi 
become adherent to prevent late emboli. 

Third, the authors analyzed the time necessary to achieve therapeutic 
anticoagulation, but it was unclear to me whether the timing of later 
pulmonary emboli correlated with inadequate levels of heparin therapy. 

Such information would be necessary to appropriately address the 
role of inferior vena cava filters in these patients. 

These concerns prompt the following three questions for the authors. 
First, do you have any data about the incidence of pulmonary emboli 
in the 325 patients who had duplex scan evidence of adherent or non- 
floating thrombi? 

Second, what fraction of the pulmonary emboli clearly occurred after 
initiating heparin therapy? And third, of those emboli, how many oc- 
curred before therapeutic levels of heparin anticoagulation was achieved? 


Dr. ROBERT MENTZER (Buffalo, New York): I congratulate Dr. Berry 
and his colleagues on this comprehensive review of their experience using 
the B-mode duplex scan to diagnose deep-vein thrombosis in 399 patients. 

It should be noted that these patients were studied within a consecutive 
3-year period and this number represents only 20% of the total number 
of patients evaluated. 

The authors are to be especially congratulated for bringing to our 
attention the natural history of the venous thrombus. Dr. Berry’s pre- 
sentation and the manuscript, which I enjoyed reading, provides us with 
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important insights regarding the natural history of the free-floating 
thrombus and appropriately emphasizes the fundamental issue that must 
be addressed. That is, what is the optimum duration of intravenous 
heparin treatment before the initiation of oral coagulation? 

This issue is an important one because, at many institutions, including 
my own, there is considerable controversy as to when intravenous heparin 
should be started, how closely should the partial thromboplastin time 
be monitored, and how soon should oral anticoagulation be started and 
intravenous heparin stopped? 

Much of the confusion surrounding this issue is due to reports that 
indicate that when intravenous heparin is administered for 7 to 10 days, 
the frequency of recurrent venous thrombosis ts low, Że., less than 5%. 

These studies contrast, however, with other reports that support the 
view that heparin and coumadin should be administered together at the 
time of diagnosis and that heparin therapy can be discontinued empir- 
ically on the fourth or fifth day. 

Although this controversy undoubtedly will continue, the findings by 
Dr. Berry and his colleagues allow us to develop a rational approach to 
the management of patients with free-floating thrombi. 

l was impressed to learn that among his patients with significant bi- 
lateral involvement, one quarter of these patients had bilateral free-floating 
thrombi and that nearly one half of these patients experienced pulmonary 
emboli. 

The use of the duplex scan to monitor thrombus attachment should 
allow us to develop prospective studies to define the rational basis for 
discontinuing heparin treatment or proceeding to caval interruption in 
this patient population. 

The questions I would like to ask you, Dr. Berry, include: What were 
the clinical indications for using the B-mode scan in more than 1500 
patients who did not have venous thrombosis? Is there a role for throm- 
bolytic therapy, say tPA combined with heparin, in the treatment of 
patients with free-floating thrombi? And because the duplex scan is limited 
with respect to its ability to visualize the iliac veins, would you speculate 
as to whether we should also use impedance plethysmography in a com- 
plimentary manner to follow the progression of disease? 


Dr. ROBERT M. MILES (Memphis, Tennessee): This certainly was a 
thought-provoking presentation and an important contribution to the 
knowledge of deep venous thrombosis, particularly its free-floating variety. 

However, as the TV detective Lieutenant Columbo might say, ‘I have 
just one problem with this,’ and that is conservative treatment of a free- 
floating thrombus. 

Let me present my personal series, but don’t get nervous. There are 
only two patients in my series. This was years ago, before duplex imaging. 
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I had such a patient and treated him with heparin and did serial venograms 
every 2 or 3 days. The thrombus diminished in size and at about the 
seventh day disappeared completely. I thought, well this is the way to 
go. Not long after that I had a similar patient. I treated him the same 
way, and after 3 or 4 days he suddenly died of a pulmonary embolus. 
That ended the sertes. 

Since then I have used vena caval interruption on these cases and 
have had no such problems. 

The method of caval interruption is another story. I prefer vena caval 
clipping if the patient can tolerate a general anesthetic. 

Heparin is used primarily for anticoagulation. It prevents further 
thrombosis and progression of an existing thrombus. It has very little 
thrombolytic activity and should not be depended on for that. Theoret- 
ically it could even prevent attachment of the thrombus to the endothe- 
lium. 

If Dr. Berry’s experience with his second case had been the same as 
mine, I wonder how large his series would have grown. 

I would be much happier with his thesis of treating for 10 days with 
heparin if there were more cases involved. I am reluctant to leave a free- 
floating thrombus surgically unattended. 

Dr. THOMAS GASKIN (Birmingham, Alabama): I have long been an 
admirer of Dr. Berry’s diverse interests and extensive talents. I think his 
observations are both important and useful. 

We have found the greatest diagnostic dilemmas in patients who are 
very obese because they have the most difficult clinical symptoms and 
we have more difficulty imaging the veins. The flow disturbances in the 
veins seem to be more pronounced with or without intraluminal ob- 
struction. 

Obesity was not listed as one of the risk factors. When do you resort 
to venography, or are you confident enough in the duplex scan to make 
a commitment positive or negative in every instance? 
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Dr. JONATHAN E. RHOADS (Philadelphia, Pennsylvania): This paper 


is of peculiar interest to me because some years ago, when I was visiting , 


Georgetown University and was the guest of Bob Coffey, I was attending 
a cocktail party at his home, and I began to feel a little pain in the right 
lower chest that was synchronous with my breathing. As is typical of 
most doctors who don’t do the right thing, I spent the night, took the 
train home the next day, and called Dr. Roberts and Dr. Barker and 
they put me in the hospital and on heparin. 

They had a venogram done that showed a clot in the femoral vein, 
and I observed it with some apprehension. I guess they believed that if 
I had been foolish enough to wait 12 hours before seeking medical at- 
tention, there was no need to go to extremes, so they didn’t clip my vena 
cava, but they did use high doses of heparin and they ran the PTT up 
and kept it around 55 seconds, more than 60 seconds some times, and 
subsequent venograms showed that the clot had shrunk and finally dis- 
appeared. Their interpretation was that either the heparin was throm- 
bolytic or the natural thrombolytic factors in the blood prevailed, and 
they did not postulate that it had broken off. I had no symptoms of 
further embolism, so I came away with the feeling that heparin therapy 
used strenuously did a good deal, perhaps, to expedite the disappearance 
of these clots. 

I wonder to what extent heparin is thrombolytic or permits the natural 
thrombolytic factors in the blood stream to take over and dispose of 
these clots? 


DR. ROBERT E. BERRY (Closing discussion): Dr. Barnes has touched 
an area that we thought about, but we have not reviewed the other 325 
patients. At this time we don’t know what happened to those 325 patients. 

I can tell you the number of patients who had pulmonary emboli who 
were in the hospital during those time periods and they varied from 
approximately 35 to 65 during the 3 years, but interestingly enough, 
only 15 in the first 8 months of this year. I can’t explain that, but I think 
many of these were not documented diagnoses, and we know that clinical 
diagnosis may not be reliable. 

Unfortunately, most of our venous scans were not done before pul- 
monary emboli. 

There were six venous scans that were performed after a pulmonary 
embolus was documented, five which were done synchronously, that is, 
on the same day within a short time: and we had six patients in whom 
the scan was done first. There were three deaths in the latter group, one 


FREE-FLOATING DEEP VENOUS THROMBOSIS 


723 


that we think was due to a pulmonary embolus and two deaths that were 
believed to be due to the patient’s pre-existing disease. Most of these 
individuals who had bilateral free-floating thrombi and bilateral disease 
had carcinoma or CVAs, so they were in a particularly high risk group. 

Of the patients who had pulmonary emboli, five had carcinoma, and 
four had CVAs. Only five were admitted with the primary diagnosis of 
deep-vein thrombosis. Interestingly in that group there was only one 
postoperative patient. 

With regard to heparin treatment and attachment, we saw the entity 
of free-floating thrombus and I talked to Dr. John Cranley’s group in 
Cincinnati and asked, ‘What are you doing about thts group?’ and was 
told, ‘If they don’t propagate, we are treating them with heparin,’ and 
that was about the sum and substance of it. 

Nevertheless, when you look at some of these on the scan, and Dr. 
Rhoads described them beautifully, it looks like a serpent just waiting 
to strike. We wonder what is the best treatment, and we don’t have the 
information that Dr. Barnes would like with.regard to the specific treat- 
ments. We didn’t treat most of these patients, only | of the 65, and we 
need to look at the specific things that Dr. Barnes mentioned. 

We did have five patients who propagated their thrombi while on 
heparin. The trouble is, as Dr. Mentzer mentioned, every physician seems 
to have his own idea of how to treat these patients. 

Dr. Mentzer, you mentioned several ideas. What are the clinical in- 
dications for using the B-mode in patients? One of the things we stress 
to our staff, and the majority of these patients, by the way, were from 
private practitioners and internists, is that you can’t make a clinical 
diagnosis. Rather than using the hand-held doppler, they are sending the 
patients to the vascular laboratory. 

Our venograms have dropped dramatically in the last 4 years from 
more than 200 to atout 50 per year. 

Do we use thrombolytic therapy for these patients? We have experience 
with only one patient. There is a recent report in the literature of one 
physician who used thrombolytic therapy and a pulmonary embolus 
occurred with the death of the patient. He does not indicate that there 
was a cause and effect relationship. He said it was temporal, but that 1s 
a fear that we have kad. We would prefer one of the other methods. 

Using IPG as a complementary study did not work for us. We are 
using air plethysmography. When we reviewed 400 patients prospectively, 
we found that it was just not a good diagnostic technique for us. 

In the last year Tony Comerota from Temple reported a series trying 
to detect proximal thrombi with IPG and the sensitivity was down 
in the 30s. I don’t think we can diagnose floating thrombus very well 


“with IPG, 


We can say to the physicians that the vein is dilated at the common 
femoral area below the inguinal ligament, or that it is dilated bilaterally 
or even out of propcrtion to the other side. We make a measurement 
on each major vein. We can then suggest that they be concerned about 
something going on in the pelvis and additional studies can be done, 
specifically a venogram. 

Dr. Miles, your wark with vena caval interruption is well known, and 
I share your concern. Had we been the physicians who treated these 65 
patients, perhaps the treatment would have been different. Two things 
that we have learned I will share with you. If the thrombus is bilateral, 
I would be very muca concerned and would want to interrupt that pa- 
tient’s vena cava. If the thrombus is propagating or if it is proximal in 
the common femoral or in the external iliac vein, I would also want to 
interrupt the vena cava. 

We do need to quantitate the thrombus and be more specific about 
the site. Our current equipment cannot measure the length of the 
thrombus. 

Dr. Gaskin, obese patients are a problem. We do have a deep probe. 
We have two very fine technologists who can scan thick tissues. If we 
can’t see, we tell the clinician. If we cannot make a diagnosis, we tell the 
clinician. All of our venous reports are given by phone immediately after 
the examination. Finally, Dr. Rhoads, thank you for your personal ex- 
perience. Drs. Dalen and Alpert some years ago wrote a beautiful article 
on the natural history of pulmonary embolism and they indicated that 
with heparin therapy the natural thrombolytic forces within the body 
begin to work in about 1] days. That is a long time when you have one 
of these problems but that has been the therapy, obviously, for many 
years. I don’t think we have the answer yet, and one of the purposes of 
bringing this information to you was in the hopes that it will stimulate 
other investigation. 
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During a 42-month period, 65 patients sustaining pancreatic in- 
juries were treated. They were randomized on alternate days 
(two separate trauma teams) to receive sump (S) or closed suction 
(CS) drainage. Twenty-eight patients were randomized to S and 
37 to CS; there were six early deaths, which precluded drainage 
analysis, leaving 24 evaluable S patients and 35 CS patients. 
Penetrating wounds occurred in 71% and blunt in 29%. No sig- 
nificant differences appeared between the groups with respect 
to age, Penetrating Abdominal Trauma Index (PATTI), Injury 
Severity Score (ISS), or grade of pancreatic injury. Twelve pa- 
tients in each group required resection and drainage for grade 
III injuries, with the remaining patients receiving external drain- 
age alone. Five of twenty-four S patients versus one of thirty- 
five CS patients developed intra-abdominal abscesses (p < 0.04). 
We conclude that septic complications after pancreatic injury 
are significantly reduced by CS drainage. Bacterial contamination 
via sump catheters is a major source for intra-abdominal infec- 
tions after pancreatic trauma. 


IGNIFICANT MORBIDITY AND mortality are asso- 

ciated with injuries to the pancreas. Early mortality 

is usually due to hemorrhagic shock resulting from 
associated injuries. In those patients who survive the initial 
period following injury, pancreatic injury is commonly 
followed by fistula, abscess, or pancreatitis. The late mor- 
tality rate resulting from pancreatic complications 1s ap- 
proximately 30%.'? Currently accepted management 
dictates suction drainage alone for pancreatic contusion, 
minor capsular and parenchymal disruption without 
' ductal injuries, and injuries of the head of the pancreas 
(unless uncontrolled hemorrhage or excessive pancreatic 
or duodenal destruction dictate resection). Distal pancre- 
atectomy, usually with splenectomy, and suction drainage 
are reserved for major ductal and severe crush injuries of 
the body and tail of the pancreas. 
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Although sump drainage is generally recommended af- 
ter pancreatic trauma, the safest form of pancreatic drain- 
age has not been determined. Previous work demonstrated 
that routine sump drainage reduced pancreatic compli- 
cations compared to Penrose drains.*” Because the tract 
of the sump drain is rapidly colonized, it provides a portal 
of entry for contamination of injured retroperitoneal tis- 
sues. Closed suction drains minimize the risk of coloni- 
zation, but the efficacy of closed suction versus sump 
drainage has not been determined. This randomized, pro- 
spective study evaluates the effects of sump (S) versus 
closed suction (CS) drainage on the postoperative course 
of patients sustaining pancreatic trauma. 


Materials 


This study was performed during the 42-month period 
from December 1985 to May 1989. All patients admitted 
to the Presley Regional Trauma Center with injuries to 
the pancreas were randomized to either sump (S) or closed 
suction (CS) drainage of the pancreas on alternate days. 
Pancreatic injuries were diagnosed at exploratory lapa- 
rotomy soon after admission to the trauma center. After 
mobilization of the pancreas, injuries were classified by 
severity’ (Table 1). Grades I and II injuries were treated 
with drainage alone, while most grades III and IV injuries 
were treated with distal pancreatectomy. No combined 
crush injuries to the duodenum and pancreas necessitating 
pancreaticoduodenectomy occurred during the study pe- 
riod. 

Drainage was accomplished by placing either a sump 
suction tube (Davol, Cranston, RI) or closed suction tube 
(Jackson-Prait, Anasco, Puerto Rico) near the location of 
pancreatic injury or resection. No Penrose drains were 
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TABLE 1. Injury Classification and Treatment 


i Drainage 

Grade Type of Injury 5 CS 
I Contusion/hematoma 2 2 

H Minor capsular and parenchymal disruption 9 20 
IH Major ductal injury 12 12 
IV Severe crush i I 
24 35 


used. In cases of distal resection, management of the 
proximal pancreatic segment consisted of oversewing the 
gland with interrupted 3-0 polypropylene U-sutures. The 
pancreatic duct was separately suture hgated with 4—0 or 
5~0 polypropylene. An apron of omentum was placed 
beneath the pancreas after resections. Drains exited near 
the tip of the 12th rib posteriorly through a stab wound 
and were left in place for a minimum of 7 days. When 
sump suction tubes were removed, a large red Robinson 
catheter was placed inside the tract to the gland and grad- 
ually withdrawn during the succeeding 3 to 4 days to allow 
the tract to seal from within. A Penetrating Abdominal 
Trauma Index (PATI) or Injury Severity Score (ISS) was 
calculated for patients sustaining penetrating or blunt in- 
jury, respectively. Drainage from the pancreatic gland and 
septic and nonseptic pancreatic complications were eval- 
uated on an ongoing basis. 

Statistical analyses included chi square and Fisher’s ex- 
act test for discrete variables. Student’s t test was applied 
to continuous variables. Wilcoxon rank sums test was used 
to compare drainage volumes. 


Results 


Sixty-five patients were admitted with pancreatic in- 
juries during the study period. Twenty-eight were ran- 
domized to sump drainage and 37 to closed suction 
drainage. Effectiveness of drainage could not be deter- 
mined in 6 patients: 5 died within 24 hours of injury from 


TABLE 2. Pancreatic Drainage—Patient Profile 


Characteristics Sump Closed Suction 
Male/female 20/4 25/10 
Age 35 + 13 28 + 10 
PATI 34 + 21 a2 17 
ISS 30 13. 34+ 8 
Mechanism of injury i 

Penetrating 14 28 
Gunshot 8 13 
Stab 5 13 
Shotgun 1 2 

Blunt 10 7 

MVA 7 a, 

MCA 2 l 

Fall -l l 

Saddle l — 
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TABLE 3. Associated Intra-abdominal Injuries 


Closed 
Organ Sump Suction 
Stomach 9 (37%) 12 (34%) 
Liver 7 (29%) 12 (34%) 
Spleen 4 (17%) 8 (24%) 
Colon 4 (17%) 5 (14%) 
Duodenum 3 (12%) 4 (12%) > 
Small intestine 3 (12%) 3 (9%) 
Vascular 2 (8%) 9 (26%) 
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refractory shock, and 1 died from multiple-organ failure 
shortly after diagnosis of a pancreatic injury missed at the 
initial operation. Effectiveness of drainage was evaluable 
in 59 patients: 24 received sump dratnage, and 35 closed 
suction drainage. 

The patient profile is described in Table 2. Analysis 
showed no signiñcant differences in age, PATI, or ISS 
between the two groups. Fifty per cent of S patients and 
60% of CS patients had a PATI of 25 or more. A larger 
percentage of patients sustaining penetrating wounds ap- 
peared in the closed suction group than in the sump group. 
As shown in Table 1, equal numbers of grades IIT and IV 
injuries were present in each group. The difference in the 
population sizes was accounted for by the greater number 
of CS patients with grade II injuries. 

Associated injuries are listed in Table 3. These were 
fairly evenly distributed between the S and CS groups, 
although more intra-abdominal vascular injuries occurred 
in the CS group. Penetrating colon injuries were evenly 
distributed and were managed by primary repair. 

Table 4 demonstrates the surgical procedures performed 
on patients randomized to the two groups. More patients 
in the CS group underwent drainage only; however 12 
patients in each group had a distal pancreatic resection. 
The need for splenectomy with the pancreatic resection 
was similar in the two groups. One patient with pancreatic 
transection had suture closure of proximal and distal seg- 
ments without resection. 

Table 5 delineates the postoperative course of patients 


sustaining pancreatic injuries. The drainage volumes are 


highly variable. No significant difference was noted be- 
tween the groups. Mild pancreatitis occurred in 1 CS pa- 
tient, while fistulas occurred in | S patient and 2 CS pa- 
tients. All three fistulas closed spontaneously within 4 
weeks. Five of the six patients developing intra-abdominal 


TABLE 4. Pancreatic Injuries—Surgical Procedures 


Procedure Sump Closed Suction 
Drainage only 11 (46%) 23 (66%) 
Distal resection 12 (50%) 12 (34%) 

Splenectomy 9 8 
No splenectomy 3 4 
Other ] — 
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TABLE 5. Pancreatic Injuries—Postoperative Course 


Postoperative Outcome Sump Closed Suction 
Drainage volumes ; 
Drain only 447+ 671 626 + 579 
Resection 1034 + 1253 750 + 808 
With complications 1812 + 1699 400 
Without complications 505+ 644 674 + 660 
Wound infections 2 2 
Pancreatitis l 0 1 
Fistula > f 2 
Abdominal abscess 5 (1 death)* l 
Pseudocyst Io 0 


* p < 0.04, sump compared to closed suction. 


abscesses were in the S group (p < 0.05), and all S abscesses 
occurred after distal resections. The one intra-abdominal 
abscess in a CS patient (lesser sac and subhepatic abscess) 
developed after a grade IV injury of the head and uncinate 
process. The following organisms were isolated from these 
abscesses: Streptococcus viridans, Staphylococcus epider- 
midis (2), Staphylococcus aureus, Enterococcus (2), Esch- 
erichia coli, Enterobacter aerogenes, and Bacteroides sp. 
Thus 5 of 12 patients undergoing pancreatic resection in 
association with sump drainage developed intra-abdom- 
: inal abscess, in contrast to 0 of 12 CS patients undergoing 

. resection (p < 0.04). 

- An overview of the patients with significant pancreatic 
complications is found in Table 6. Two of the twenty- 
four S patients had delayed deaths. One 67-year-old pa- 
tient with known atherosclerosis died on day 7 after injury 
from a myocardial infarction. The second patient died 
on day 11 after injury from sepsis and multiple-organ 
failure, secondary to a lesser sac abscess and necrotizing 
pancreatitis. None of the 35 CS patients died. Adding the 
six early deaths in nonevaluable patients to the two deaths 
in the S group yields a mortality rate of 12% for this series. 


Discussion 


Recent reports of pancreatic trauma have demonstrated 
mortality rates ranging from 15% to 35%.'** Certainly 
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most deaths follow hemorrhagic shock from associated 
major vascular injuries, due to the precarious position of 
the pancreas amid the aorta, vena cava, and mesenteric 
vessels. Indeed major vascular injuries occurred in 25% 
of the 65 patients in this series, and six of the eight deaths 
were due to hemorrhagic shock. The two remaining deaths 
also illustrate important points in pancreatic trauma 
management: first missed injuries can be lethal, and sec- 
ond death can result from pancreatic complications. 

One death resulted from a blunt pancreatic injury that 
was missed at initial laparotomy and discovered 4 days 
later. The patient developed sepsis, coagulopathy, and 
multiple-organ failure. Smego et al.° reported two deaths 
from delayed recognition of pancreatic injuries in a series 
of 57 patients. These results demonstrate that all peri- 
pancreatic hematomas, whether from penetrating or blunt 
trauma, must be explored, with mobilization of the entire 
pancreas if necessary. Division of the gastrocolic ligament 
exposes the body and tail, and a combination of Kocher 
and Cattell maneuvers’ permits thorough inspection of 
the head and neck. Sometimes hematomas over the pan- 
creas, as in the missed injury in this report, can mask 
significant parenchymal! disruption and might require in- 
cision of the visceral peritoneum over the inferior border 
of the gland for accurate inspection. Irrigation of the tis- 
sues will reduce the blood staining, improving parenchy- 
mal] visualization. 

Although generally low, most series report some deaths 
attributed directly to complications of the pancreatic in- 
jury. The second late death in this series was associated 
with complications from the pancreatic injury: lesser sac 
abscess and necrotizing pancreatitis. Jones” reported that 
pancreatic complications contributed to 11 of the 36 
deaths (30%) in that series. Cogbill et al.! reported two 
deaths due to the pancreatic injury in 34 patients, one of 
which was secondary to abscess. Stone et al.° reported a 
22% mortality rate associated with 36 pancreatic com- - 
plications in a series of 275 patients. These figures dem- 
onstrate the gravity of pancreatic injury and the need for 
optimal surgical management. 


TABLE 6. Pancreatic Injuries—Overview of Septic Complications 


Age Mechanism Associated Injuries Grade Complication 
Closed Suction t 

25 MVA Liver IV Abscess 

. Sump 
28 Shotgun Small bowel III Abscess 
26 MCA Kidney, spleen III Abscess 
60 MVA Pulmonary contusion I Abscess . 
49* Gunshot Colon, diaphragm Ill l Abscess, necrotizing pancreatitis 
46 MVA Colon, spleen, kidney, liver, duodenum. IV Abscess 
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External drainage has been the mainstay of pancreatic 
wound management. We could find no reports advocating 
no drainage. Graham et al. managed 78% of 448 patients 
with external drainage alone. Stone et al.° externally 
drained 84% of 275 patients. Jones* externally drained 
76% of 450 patients. In the last decade there has been a 
trend away from drainage alone for most injuries toward 
a more aggressive approach to pancreatic resection com- 
bined with external drainage. Our resection rate was 41%, 
compared to recent reports of 30% to 52%.*»*? Significant 
pancreatic fistulas are less likely to occur when the gland 
is resected in the presence of major duct injury.’ Generally 
we support an approach of external drainage alone for 
grades I and II injuries and resection for grades III and 
IV injuries. Exceptions to resectional management include 
nondevitalizing pancreatic head injuries in which resec- 
tion would entail near-total pancreatectomy or pancre- 
aticoduodenectomy: We use external drainage in these 
cases. One grade IV injury in this series involved the head 
and uncinate process and was drained by closed suction 
without resection; a lesser sac abscess developed that was 
the sole major pancreatic complication in the CS group. 
This patient survived without major sequelae. 

When the main pancreatic duct is involved, the surgeon 
has only two options other than resection for managing 
the distal gland: Roux-en-Y drainage or oversewing the 
distal gland. This second option was chosen in one patient 
in our series (S group). That patient developed a large 
pseudocyst that was internally drained without compli- 
cation 2 weeks later. This has not been considered a failure 
of sump drainage for statistical analysis of complications 
between the S and CS groups, but was rather a failure due 
to an unsatisfactory operative approach. Roux-en-Y 
drainage is seldom used now because of associated com- 
plications and was not used in this series. Stone et al.’ 
noted five pancreatic fistulas and three abscesses in seven 
patients managed with this technique. Similarly Jones re- 


ported that 7 of 11 Roux-en-Y patients developed lesser _ 


sac or intra-abdominal abscesses.” ° 

Although external drainage is widely acknowledged as 
a major component of management, little attention has 
been directed toward the most appropriate drainage tech- 
nique. What has been reported is retrospective and largely 
testimonial in nature. The three choices for external drains 
are Penrose, sump, or closed suction. Penrose drains were 
used for many years before the other drains became avail- 
able. In 1974 Anderson et al.* observed 22 complications 
in 17 patients drained by Penrose alone but significantly 
reduced complications to 8 of 31 patients when a sump 
drain was added. Subsequently Stone et al. reported a 
39% complication rate with Penrose drainage compared 
to 2% with sump drainage. Since those reports most of 
the literature has supported active sump drainage. >? One 
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report suggested that closed suction drainage might be 
superior but provided no supporting data.? 

Before this study there have been no prospective anal- 
yses of pancreatic drainage, and closed suction has not 
been evaluated. Potential concerns with sump drainage 
include inadequate evacuation of pancreatic secretions 
and contamination of the lesser sac with bacteria drawn 
through the sump. The major concern with closed suction 
would be adequacy of secretion evacuation, but contam- 
ination would appear to be a minor problem. The drainage 
volumes (Table 5) were approximately the same between 
the S and CS groups, although there were large fluctuations 
among patients. Three patients (one S, two CS) developed 
pancreatic fistulas, which spontaneously closed, and were 
not considered major complications of drainage. On the 
contrary major complications would be likely if these se- 
cretions were not successfully externally drained. The 
major pancreatic complications in this series were intra- 
abdominal abscesses located in the lesser sac and sub- 
phrenic space. Abscesses occurred in 21% of S patients 
and 3% of CS patients, a significant difference. Further- 
more all 5 of the S abscesses occurred among the 12 sump- 
drained resections and none occurred in the 12 closed 
suction-drained resections. Patients with grades I and II 
injuries appear at low risk for abscess, and the type of 
drain in these patients is probably of little consequence. 
Patients requiring resection are more likely to have high 
concentrations of pancreatic juice in the drainage area 
compared to lesser injuries. This probably causes enough 
autodigestion to provide a medium for bacteria. Bacterial 
colonization most likely results from contamination via 
the drain tract, which is more open with sump drains. 
Five of the twelve distal resections in each drainage group 
had colon or gastric injuries, which eliminates that as a 
bias for contamination. The microbiology of the abscesses 
demonstrated aerobic gram-positive cocci and aerobic 
gram-negative rods (except one Bacteroides sp.) compat- 
ible with nosocomial contamination. 

Splenic salvage was accomplished in 7 (3 S, 4 CS) of 
the 24 resections (29%). All five S group abscesses occurred 
in splenectomized patients. Past studies have reported 
minimal splenic salvage with distal pancreatic resec- 
tion.’ Certainly unstable patients should not be subjected 
to the extra 30 to 45 minutes of operative time required 
for splenic salvage, but we believe it is practical and ben- 
eficial in stable patients. 

Our current institutional approach is as follows: if grade 
I or grade II injury of the pancreas is found, simple drain- 
age with closed suction and placement of a jejunostomy 
for subsequent feeding is indicated. For most grade III 
and grade IV injuries, a distal pancreatectomy is per- 
formed, with or without a splenectomy, depending on the 
gravity of the situation and the ease of splenic salvage. 
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Drainage with a closed suction catheter 1s performed with 
jejunostomy to assure enteral access for postoperative 
feeding should complications arise. 
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DISCUSSION 


Dr. DAVID V. FELICIANO (Rochester, New York): Dr. Fabian and 
his colleagues have compared Jackson-Pratt closed suction drains and 
Davol sump drains in a series of 59 patients with a mixed bag of pancreatic 
injuries. Based on the results of five abscesses in the sump drain group 
as compared to one abscess in the JP group they have concluded that 
closed suction drains are a better choice. This is an interesting study in 
which the results confirm the biases of many trauma surgeons. However, 
] have some concerns and questions about the design of the study and 
the methods used in the analysis. 

My first concern is with the method of randomization used. While 
alternating forms of therapy is a time-honored technique in trauma cen- 
ters, and I have used it frequently, it only satisfies classical statistical 
randomization requirements when many patients are entered into a study. 
The single greatest problem with the design of this study is that the two 
patient groups that resulted are not truly equal. In the sump group, 12 
of 24 patients (or 50%) had major pancreatic injunes requiring resection; 
however, in the closed suction group, only 13 of 35 (or 37%) underwent 
resection. Despite the matched ISS scores and associated injuries, there 
is little question in my mind that the overall sump group had more 
severe pancreatic injuries. 

I have several questions. First, is the statistical comparison based on 
class III injuries alone as you implied, or on all injuries, including grades 
J, I, MI and TV? 

My second concern is with the management of the drains. You re- 
moved closed suction drains directly but manipulated the tract of sump 
drains by inserting a Robinson catheter for several days. Can you justify 
this manipulation based on historical data? Can you prove that the in- 
sertion of the Robinson catheter into a contaminated tract from outside 
in is not the cause of peripancreatic contamination and subsequent abscess 
formation? 

I believe that this study is a preliminary one and would like to see it 
extended with the following changes: formal techniques of randomization, 
elimination of patients not requiring suture or resection, and direct re- 
moval of the sump drains without late postoperative manipulation of 
the tract. 


Dr. H. LEON PACHTER (New York, New York): For those of us dealing 
with pancreatic trauma, we are certainly indebted to Dr. Fabian for his 
work along with Harlan Stone that definitively showed the superiority 
of suction sump drains over the passive Penrose drains when managing 
serious pancreatic injuries. 

This particular study 8 years later suggests that closed suction drains 
with Jackson-Pratt drains rather than sump drains are now preferred. 

The pertinent question, however, | believe should be: When is it ap- 
propriate to use what type of drain? In the present study 23 of the 24 
sump drains were used in patients who had contusions, hematomas, 
minor capsular or parenchymal disruption, and major ductal injuries 
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requiring resection, and I would submit that in these instances the closed 
suction drain such as the Jackson-Pratt is all that 1s needed. 

For crush injuries or when a clean resection line cannot be accom- 
plished, however, then a soft sump drain is warranted. In my experience, 
a Jackson-Pratt drain is inadequate to deal with the particulate pancreatic 
matter that frequently accumulates. 

This leaves us with two patients in the crush group, and each patient 
developed an abscess regardless of the type method used for drainage. 

In addition all five patients in the sump group who developed sub- 
sequent abscesses had their spleens removed and, although the number 
of patients undergoing splenectomy and those undergoing splenic salvage 
procedures were comparable in both of the groups, I believe that great 
consideration should be given to distal pancreatectomy with splenic 
preservation. 

The authors raise concern that doing this sort of procedure is more 
time consuming. Dr. Carol Scott-Conner of Jackson, Mississippi ad- 
dressed this issue in the January 1989 issue of the American Surgeon, 
and she clearly documented that there was no difference in the time 
required to perform distal pancreatectomy with splenectomy or distal 
pancreatectomy with splenic preservation. 

I wish to echo Dr. Feliciano’s words, I think that there is a need for 
further investigation in this area before any specific drains are adopted 
routinely. 


Dr. EUGENE H. SHIVELY (Campbellsville, Kentucky): Dr. Fabian and 
his colleagues at the Elvis Presley Trauma Center have presented an 
excellent paper. It compares the outcome of pancreatic injuries treated 
by sump drainage and closed drainage of the Jackson-Pratt variety. The 
groups appear to be comparable, and the closed suction group had fewer 
infections based on the premise that bacterial contamination occur via 
the sump drains. 

The results achieved by these authors are similar to a group of patients 
reported at the University of Louisville severa! years ago where it was 
stressed that distal pancreatectomy was important in patients with major 
pancreatic disruption. 

I have three questions. You removed your drains after a minimum 
of 7 days. Why is this important? Why not just remove the drain when 
it stops draining? 

When patients develop pancreatic distulas, how long do you wait to 
let them heal? When do you operate and when do you feed your patients? 

In patients with grades I and IJ injuries, why drain them at all? Perhaps 
the next part of your study should include a group with no drainage 
versus Closed drainage for grades I and II injuries. 


Dr. GEORGE F. SHELDON (Chapel Hill, North Carolina): I think it 
has been known from the studies on splenectomy and drains that it is 
of value not to have a two-way street for bacteria into a cavity previously 
occupied by a large organ such as the spleen. 
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_ Lawson Tait, in the 19th century, made the interesting statement ‘when 
in doubt, drain.’ Since that time we have been trying to determine how 
many to use and how long to leave them in, and what type. 

My questions are similar to the last discussant’s. What are your criteria 
for leaving drains in? The most common causes of a fistula is a foreign 
body and the most common foreign body is a drain that we have placed. 
There is good data to show that there is a temporal relationship between: 
the length of time a drain is closed or open and bacterial contamination 
secondary to the drain. 

What statistical formula is used for complications listed in your ab- 
stract? 


Dr. GEORGE M. WATKINS (Easton, Pennsylvania): To echo what Dr. 
Sheldon said, if my memory of review of the literature is correct, the 
definitive paper on whether to drain simple splenic injuries showed that 
there was a 20% incidence of wound infection rate when there were 
splenic injuries and the spleen was removed and there was drainage, and 
7% when there was not. Buried in that paper and not often brought to 
light is the fact that in those injuries in the splenectomy group followed 
by drainage, the sump drain was used. The outcome was basically the 
same as today. Organisms from the air got into the wound, so I have to 
say to Dr. Fabian, I think history agrees with you. My question is: Did 
you review the history of the speen when you embarked on a recapit- 
ulation? 


Dr. H. DAVID Root (San Antonio, Texas): I am concerned about 
the time from injury to the time of discovery of the injury. Diagnosing 
pancreatic injuries is very difficult in the blunt injured group, in particular, 
of course, and a difference of time at discovery could lead to a disaster 
through delayed discovery. 

What was the depth and duration of shock in the two groups since 
one group had such a very high percentage of vascular injuries as com- 
pared to the other? 


Dr. JON BURCH (Houston, Texas): Dr. Fabian, we have had some 
experience with pancreatic injuries as well and have used all types of 
drains. Generally sump drains have been reserved for patients with the 
most severe injuries or extensive resections. 

It has been my experience that most of the patients in whom we place 
sump drains have a great deal oF drainage that begins right at the time 
of surgery. Often the bacterial air filter gets wet before suction can be 
applied. Once that filter becomes wet, it doesn’t work at all. In fact, the 
drain is no longer a sump, but a closed suction drain. To make the drain 
function as a sump again, the filter must be removed or replaced, Of 
course, if the filter is removed, you are no longer aspirating bacteria free 
air into the abdominal cavity and infection may occur. What was the 
fate of the sump filters? 


DR. GEORGE L. JORDAN, JR. (Houston, Texas): I have heard all of 
this discussion about the definitive papers, the paper that proved this, 
and the paper that proved that, and there arent any such papers. They 
don’t exist on this subject. à 

I don’t think it makes any difference what kind of drain you put in. 
It is certainly true that a drain is a two-way street and that bacteria can 
go down the drain. 

I still use Penrose drains. At least I would if I operated. I haven’t been 
operating for pancreatic injuries lately, but Penrose drains are still used 
in Houston, and | had reason not long ago to review the experience and 
looked at our Penrose drains versus the closed suction drains versus the 
sump drains. 

I can’t find any difference in Eouston, so it must be MEREN about 
the air in all these other places that it happens. J do not think that mere 
has been a definitive paper on this subject of drains. 

When I was a medical student they tried to teach us something aaa 
drains and I heard two lectures entitled, ‘When in Doubt, Drain,’ which 
is what I was taught, and then I heard another 1-hour lecture entitled, 
‘When in Doubt, Don’t Drain.’ This was as a medical student. It hasn’t 
changed. That was at least 5 or 10 years ago, [laughter] and it seems we 
are still having the same problem, and I think as long as we have new 
drains, we will continue to discuss this problem of when and how long 
and so forth, but I don’t think it has been proved when you should drain, 
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when you should not drain, what drain you should use, how long you 
should leave it in, whether you should take it out and put in another 
drain. These are all permutations that require, I think, some judgment, 
and I think that if vou use good judgment, you are probably going to 
get similar results, regardless of the one you use. 


Dr. TIMOTHY C. FABIAN (Closing discussion): What precipitated this 
study was about 4 vears ago when I noted that some of our surgeons 
were beginning to increase their use of Jackson-Pratt drains for man- 
agement of this injury, and I thought at the time it was risky because 
they were not proved to be effective for draining pancreatic secretions. 
I thought that we needed to do a study to prove my bias that they were 
ineffective. You can see how good my judgment has been over the years. 

Now I would like to turn to Dr. Feliciano’s comments. Indeed, he is 
correct that there are not equal numbers in the groups, but more im- 
portantly, I do believe they are evenly matched. First the ISS scores in 
the blunt trauma patients are nearly identical, as are the PATI scores in 
the penetrating group, and their associated injuries are nearly a mirror. 
We did have more major vascular injuries in the closed suction group, 
but this would only be a bias against that group. I cannot emphasize 
enough the importance of the 12 resections being equal in both groups, 
because I think these are the patients in whom that type of draining 
makes a difference. I think this will have implications not not only for 
trauma surgery but also for elective pancreatic resections. In the grades 
I and II injuries it probably doesn’t make any difference what you do. 

Dr. Shively suggested that perhaps no injuries need to be drained. I 
am not quite that brave yet, but probably any drain is satisfactory for 
less severe injuries. 

The way we randomize is by the two trauma teams, and as Dr. Feliciano 
pointed out, it usually works well when you have high volumes of cases 
involved, but, admittedly when you get less frequent events such as this, 
one runs the risk of unequal randomizations as occurred in this study. 
I think we were lucky that they did match fairly closely relative to the ` 
injury severity previously mentioned. However I would recommend that 
if one has a very controlled environment in future similar volume studies, 
randomized computer sheets or a draw system might be more effective, 
but I also have concerns about how satisfactory this would be at one or 
two o’clock in the morning. It is very simple to do it the way we do. 

I was also asked i? the red Robinson catheter helped or hurt. I didn’t 
cover this in the presentation, but we left the sump drains in 7 to 10 
days. Ron Jones was one of the earliest investigators to point out that 
frequently pancreatic fistulas will occur several days after injury and we 
have followed his advice over the years. What we do then 1s take the 
sump catheter out Lecause we know that the tract has been colonized. 
A red rubber catheter is then placed in the tract and backed out over 3 
or 4 days so the tract closes from the bottom and you avoid abscesses. 
If this isn’t done, you will precipitate abscesses, and this has been observed 
both here and in Grady Hospital tn Atlanta. 

There is something else I would like to point out. This is a companion 
study to a drainage study we are doing with liver injury in which we 
have nearly 400 patients involved. We are looking at closed suction 
versus sump, and altaough we have not completely analyzed it, it appears 
that intra-abdominal abscesses are more frequent in sump-drained in- 
juries. 

Dr. Pachter asked when it is appropriate to use which drain. With 
minor injuries it probably doesn’t make any difference. However, he 
suggested that the Jackson-Pratt drainss might be dangerous with more 
serious injuries such as grades II] and IV, but I think our data refutes 
that. Your observation is not accurate, as mine was not before the study 
was initiated. f 

You asked about splenic preservation. Shouldn’t we do them more 
frequently? Until this series essentially everyone who has written about 
pancreatic resection for trauma has said you could almost never preserve 
a spleen, so I think our 30% rate is not bad. Given the fact that many 
of these people have multiple associated injuries, it would be injudicious 
to spend more time doing just the pancreatectomy. I know you quoted 
an article that suggested that splenic preservation doesn’t take any more 
time. I don’t agree with that. In my hands, to take out the distal pancreas 
and leave the spleen in takes 30 minutes, sometimes as long as 45 or 60 
minutes, so it does add to the operative procedure. 

When do we feed them? As soon as their GI tract recovers. We have 
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gone to an increasing use of feeding jejunostomies. It has been demon- 
strated in experimental models and in patients with chronic pancreatic 
fistulas that feeding into the proximal GI tract does not stimulate pan- 
creatic secretion. However, feeding into the jejunum essentially stops 
pancreatic output. We had an interesting case that we referred to the 
University of Louisville 2 months ago: a girl with resolving, severe pan- 
creatitis and sepsis, whom each time we tried to orally feed, she got 
worse. I talked to Neal Garrison yesterday, and he found the same oc- 
currence. However, she has no problem when fed through the jeyunostomy 
tube. This is a testimonial, but nonetheless, there is data in the literature 
to support it. 

Dr. Sheldon addressed the criteria for leaving the drain in, and he 
suggested that foreign bodies do precipitate fistulas. With this we entirely 
agree. Therefore we are very cautious to use drains in most injuries, and 
I think studies such as this are important to find out if they are effective. 
With Jackson-Pratt drains, we have had no erosion into organs, and two 
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pancreatic fistulas that closed spontaneously. Statistics were Fisher’s exact 
and chi-square for discrete variables, and Student’s t test for continuous 
variables. Wilcoxon rank sum test was used for the drainage data. 

Concerning the question about reviewing the history of drainage fol- 
lowing splenectomy, yes, we were aware of this. But, this is an entirely 
different problem that we are looking at with pancreatic wounds, and I 
do not believe it is comparable. 

As far as when did we discover the pancreatic injury which was asked 
by Dr. Root: anywhere from | to 12 hours after their admission to our 
center. We didn’t compare the depth of shock, which is a good question, 
a good point for future studies. 

I appreciate Dr. Jordan’s and Dr. Burch’s comments. They certainly 
have accumulated a large experience over the years with pancreatic 
drainage. We do think, however, that studies need to be done looking 
at such issues prospectively, and they will more clearly define what drains, 
when, and how long they should be used. 
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Little attention has been given to the sequential assessment and - 


management of a cohort of patients with potential aortic disrup- 
tion manifested by a widened mediastinum. These patients often 
require diagnostic peritoneal lavage (DPL), cranial computed 
tomography (CCT) scan, thoracic aortography, and multiple op- 
erations. We surveyed 408 patients with a widened mediastinum 
who underwent aortography from 1981 to 1989 to determine 
priorities of management. Multisystem injuries were common 
with 278 (68%) and 72 (18%) of patients requiring DPL and 
celiotomy, respectively. Central nervous system (CNS) injury 
occurred in 276 (68%) patients, and orthopedic injuries were 
present in 162 (40%). There were 35 thoracic aortic injuries and 
17 branch injuries with 15 deaths (11 aortic, 4 branch). Mortality 
primarily was attributed to hemorrhage, neurologic injuries, and 
multisystem organ failure. We evaluated the sequence of diag- 


nostic and therapeutic interventions to determine possible se- ` 


quence errors and 98% of patients had no errors identified. Based 
on this experience, we have formulated a management protocol 
for evaluation of patients with multiple injuries and a widened 
mediastinum. 


ATIENTS WITH MULTIPLE injuries and mediastinal 

widening have been encountered with increasing 

frequency due to improved prehospital evacuation 
and triage and an increased awareness of the potential 
lethality of aortic injuries. Many studies have examined 
issues related to the diagnosis and management of patients 
with aortic or intrathoracic great vessel injuries. Most have 
considered the implications of the aortic injury itself and 
have not focused on the integration of its diagnosis and 
treatment with other potentially life-threatening injuries. 
Hanschen et al.! and Borman and associates” examined 
the priority of treatment of multisystem injuries, albeit 
in small groups of patients with proved aortic transection. 
However no study has addressed the management prior- 
ities of the multiply injured patient with a widened me- 
diastinum and suspected but unproved aortic injury. 
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The controversy regarding the appropriate sequence of 
interventions in these patients remains unresolved. Some 
authors have noted that aortic injuries are uniformly fatal 
if free rupture occurs and, therefore, have recommended 
immediate aortozraphy and treatment if aortic transection 
is detected.? Others have noted that shock is usually due 
to abdominal bleeding and have recommended that pa- 
tients with positive diagnostic peritoneal lavage (DPL) 
have celiotomy before aortography.** Unfortunately pa- 
tients who receive their care in hospitals that do not have 
an organized trauma team may have the priority of their 
treatment determined by which consultant evaluates the 
patient initially rather than by an approach based on an 
assessment of risks from the potential injuries involved. 
In an effort to determine appropriate management prior- 
ities, we reviewed our experience of the last 8 years with 
all patients who presented to our hospital with a widened 
mediastinum. 


Patients and Methods 


We retrospectively reviewed the charts of all patients 
evaluated for a widened mediastinum by aortography be- 
tween 1981 and 1989. Criteria for inclusion consisted of 
a history of significant blunt trauma with a potential for 
multisystem injuries and a mediastinal abnormality on 
chest roentgenogram. Patients who received arteriography 
for specific abnormalities noted at physical examination 
that were indicative of great vessel injury such as a pulse 
deficit, localized hematoma outside the mediastinum, or 
associated neurclogic deficit suggesting vascular injury 
were excluded. Using these criteria we identified 408 pa- 
tients with mediastinal abnormalities and potential mul- 
tisystem injuries. Indications for aortography were wid- 


132 


ened mediastinum (302), other abnormalities of the me- 
diastinum (94), and mechanism of injury alone (12). 
There was no absolute protocol that dictated the se- 
quence in which various diagnostic and therapeutic ma- 
neuvers were performed; the determination of the proper 
sequence was made by the chief resident and attending 
staff caring for the patient. Nonetheless there were general 
guidelines to establish treatment priorities. After initial 
resuscitation, physical examination, and detection of me- 
diastinal abnormality on a chest radiograph, the patient 
was placed in a risk category based on the triage principle 
of diagnostic evaluation and treatment of organ system 
injury. The initial decision was based on the patient’s he- 
modynamic status. Those who were not stable rarely had 
aortic bleeding because this usually results in rapid death. 
These patients underwent prompt DPL and if the lavage 
was grossly bloody, an immediate celiotomy usually was 
performed. If the patient was. stable and had signs that 
indicated the need for aortic transection on plain chest 
radiography, aortography was performed immediately. If 
positive it was followed by a thoracotomy and vascular 
repair. DPL was often performed before operation to de- 
termine the need for subsequent laparotomy. If the DPL 
was positive by erythrocyte or leucocyte counts only, then 


an aortogram was generally performed before abdominal | 


exploration; when an aortic injury was encountered, it 
was repaired before celiotomy. Patients with major neu- 
rologic insults requiring cranial computed tomography 
(CCT) scans often had this performed during the radio- 
logic evaluation that included aortography. 

We reviewed our experience with the following aims 
in mind: 


(1) To determine the frequency of injuries that require 
urgent operative treatment in patients with a widened 
mediastinum; 

(2) to evaluate the sequence of diagnostic and therapeutic 
maneuvers to determine the frequency and type of 
sequence errors in the care of these patients; 

(3) to develop a management protocol to aid evaluation 
and treatment. 


Sequence determined by retrospectively evaluating the 


order in which various tests or procedures were performed 
and assigning an error to any that actually, or potentially 
could have, resulted in an untoward patient outcome. 
Particular attention was directed toward the three body 
systems most commonly involved in early fatalities in 
this situation: thoracic injury, intra-abdominal hemor- 
rhage, and major intracranial lesions. 


Results 


The 408 treated patients included 318 men and 90 
women ranging in age from 15 to 88 years (average age; 
39 years). Motor vehicle accidents were the most common 
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mechanism of injury, followed by auto—pedestrian acci- 
dents and falls. Injuries to multiple body systems were 
common with a mean Injury Severity Score (ISS) of 21 
for the entire group. The mean ISS for the cohort of pa- 
tients found to have aortic or branch vessel injury was 
37. There were 52 injuries detected on arch aortography 
(13%). Aortic transection accounted for 35 injuries and 
{7 patients had wounds off branch vessels directly off the 
aortic arch. 

The major associated injuries are listed in Table 1. Sig- 
nificant thoracic injuries, other than vascular, included 
pulmonary and myocardial contusion, hemo- and pneu- 
mothorax, and flail chest. Nearly three fourths of the entire 
group had thoracic injuries, while all of the patients with 
intrathoracic vascular injuries had associated chest inju- 
ries. The possibility of intra-abdominal injury was con- 
sidered great enough that DPL was performed on 68% of 
the patients; 1t was considered also in an identical per- 
centage of patients whether they were subsequently found 
to have aortic transection. However patients who sus- 


© tained an aortic injury were twice as likely to have an 


associated intra-abdominal injury as those who had a 
widened mediastinum but a negative angiogram (35% 
versus 15% need for celiotomy). In both groups the spleen 
and liver were the most common intra-abdominal organs 
Injured. 

Neurologic injuries were present in nearly 70% of pa- 
tients and did not vary, even in the presence or absence 
of an aortic injury. The majority of the head injuries (167 
patients) were mild, with a Glasgow Coma Scale (GCS) 
of 12 to 15 and were manifested only by loss of con- 
sciousness. However moderate and. severe injuries fre- 
quently occurred in these patients with widened medias- 
tinum, and head injuries with a GCS of 8 to 11 (37 pa- 
tients) and a GCS of 3 to 7 (53) were seen. Urgent CCT 
scans to exclude mass lesions in the brain were often re- 
quired, adding a priority decision about the neurologic 
injury to decisions regarding the aorta and abdomen. We 


TABLE 1. Major Injuries Associated with Widened Mediastinum 


Patients 
Without Patients With 
Aortic Injury Aortic/Branch 
(356) Injury (52) 
System Injured No. % No. % 
Thoracic 261 74 52 100 
Abdominal 
DPL 241 68 - 36 68 
Celiotomy 54 15 18 35 
Neurologic 241 68 35 68 
Cranial CT 123 35 23 44 
Severe head injury 47 19 6 7 
Craniotomy 4 I l ] 
Pelvic fracture 4g 13 12 23 
Spine fracture 95 27 7 8 
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performed CCT on 146 patients (36%). Many required 
treatment of cerebral contusion but only four patients 
required emergency craniotomy. 

Major fractures were present in the entire series of 408 
patients with widened mediastinum. Spinal fractures oc- 
curred in 102 patients (25%) and 20 had neurologic def- 
icits. Pelvic fractures occurred in 60 patients and were 
somewhat more common in patients subsequently found 
to have an aortic or branch injury. Extremity fractures 
occurred in 162 patients (40%); 36 were open fractures 
that required prompt treatment. 

Of the initial 408 patients who presented with a widened 
mediastinum, the aortogram in 356 did not disclose an 
injury to the aorta or one of its major branches. The mor- 
tality rate in this group was 7.9% (28 deaths). The causes 
of death included neurologic injury in 17, multiple system 
organ failure (MSOF) in 8, adult respiratory distress syn- 
drome (ARDS) in 2, and pulmonary embolus in 1. No 
patient died from associated injuries while having the 
aortic injury evaluated by angiography. However one pa- 
tient developed hypotension while undergoing aortogra- 
phy and CCT and was found to have intra-abdominal 
bleeding. Later the patient developed MSOF, which may 
have been exacerbated by the delayed recognition of intra- 
abdominal hemorrhage. 

No patient with aortic or branch injury died before 
operation. To our knowledge there were no instances of 
missed aortic injuries or late developments of chronic 
aortic aneurysms that have been treated in our hospital 
or at other hospitals after these patients were discharged. 
Thirty-four of the thirty-five patients with aortic transec- 
tions had repair of these injuries attempted. One patient 


with aortic injury did not undergo repair because of a ` 


severe closed head injury and a respiratory arrest in the 
emergency department due to tracheobronchial disrup- 
tion. A diagnosis of aortic injury was made but neurologic 
deterioration obviated the need for operative repair. A 
Gott shunt was used in 18 of 34 operated patients. There 
was one operative death caused by complications with 
placement of the shunt. This occurred when the patient’s 
small aortic arch tore as the shunt was being inserted and 
the resultant bleeding could not be controlled. There were 
three late deaths and two patients in the shunt group de- 
veloped spinal cord dysfunction after operation. Partial 
cardiopulmonary bypass was used in five patients and 
two had operative deaths; no late deaths occurred but one 
patient developed paraplegia. 

Eleven patients had clamping and aortic repair without 
the use of shunt or bypass. These patients were more se- 
riously injured and had a higher incidence of major as- 
sociated injuries. This group was not comparable to pa- 
tients treated by a Gott shunt. There were 4 operative 
deaths, 5 late deaths, and 2 cases of spinal cord dysfunc- 
tion. Thus the overall mortality rate for the operated pa- 
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tients was 44%. The operative deaths were related to hem- 
orrhage or cardiac dysfunction secondary to myocardial 
contusion and two occurred because of difficulty obtaining 
proximal control of the aorta. Neither of these latter in- 
juries was a typical aortic isthmus transection. Both in- 
volved long transverse lacerations from the aortic isthmus 
to the innominate artery; bypass was used but bleeding 
could not be controlled. 

Postoperative deaths occurred in 8 patients and were 


attributed to MSOF (4), pneumonia or ARDS (3), and 


neurologic injury (1). Even with critical retrospective 
analysis, we could not implicate delay in treatment of the 
aortic injury or an associated lesion with resultant mor- 
tality in any patient in this group. 

There were 15 injuries to branches of aorta that pre- 
sented as mediastinal widening. Subclavian injuries oc- 
curred in 10 patients, while vertebral wounds were en- 
countered in 3 patients and innominate injuries in 2. 
Eleven of these fifteen injuries were repaired while the 
three vertebral and one subclavian wound did not have 
operative treatment. Two deaths occurred from hemor- 
rhage and two ftom postoperative ARDS. There were no 
delays in treatment that resulted from triage error con- 
tributing to these deaths. 


Sequence of Dicgnostic and Therapeutic Interventions 


Relative frequency of each sequence of diagnostic and 
therapeutic maneuvers that were required for patients with 
widened mediastinum and potential associated injuries is 
seen in Table 2. Approximately one fourth required an 
aortogram as their only procedure for diagnosis of poten- 
tial aortic or branch injuries. Sixty-eight per cent had a 
DPL because of the potential of intra-abdominal injuries 
and this usually preceded the aortogram or CCT scan. 
Twenty-six patients had hypotension thought to be as- 
sociated with intra-abdominal causes, or a grossly positive 
DPL that resulted in a celiotomy before evaluation of the 
aorta. 

Cranial CT scans were often performed before angiog- 
raphy (72 patients), particularly in patients with moderate- 
to-severe head injuries. Fortunately only one patient with 
an aortic transection required an emergency craniotomy. 


TABLE 2. Sequence of Interventions in Patients 
with Widened Mediastinum 


No. of Patients 


Sequence 
Aortogram only 108 
DPL aortogram 117 
DPL — CCT — aortogram 72 
DPL -» celiotomy — aortogram - 16 
DPL — celiotomy —> CCT —> aortogram 10 
Other 85 


n = 408. 
CCT, cranial computed tomography scan. 
DPL, diagnostic peritoneal lavage. 
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It should be noted that one fifth of the total group had 
other combinations of evaluation and treatment schemes 
performed. This indicates the complexity of managing 
this group of seriously injured patients. 


Sequence Errors 


Critical evaluation of all 408 patients for potential triage 
errors paid particular attention to the sequence of diag- 
nostic tests and treatment modalities rendered. Careful 
review was made of all deaths, major complications, or 
patients with any adverse outcome to ascertain whether 
the alterations in sequence of the treatment could have 
impacted the patient’s course favorably. We identified 
seven patients with a potential error in the triage sequence 
or who had delayed diagnoses, five of them involving fail- 
ure to perform diagnostic peritoneal lavage (Table 3). 

Three patients underwent celiotomy without the pre- 
operative use of DPL and had no intra-abdominal lesions. 
All three patients had preoperative hypotension and ab- 
dominal findings suggestive of a potential injury, two of 
whom had an aortic injury diagnosed on aortogram and 
underwent successful repair with no adverse sequelae. 
Thus the negative abdominal exploration did no irrepar- 
able harm but delayed aortic repair in two cases and could 
have presumably been avoided with the use of DPL. Two 
additional hemodynamically stable patients with negative 
physical examination of the abdomen and a widened me- 
diastinum were taken to the angiography suite without 
DPL. Hypotension developed requiring a rapid transfer 
to the operating suite where major intra-abdominal 
bleeding was encountered; one patient recovered but one 
died of MSOF several days after operation. Neither patient 
had an aortic injury, and thus earlier use of DPL based 
on mechanism of injury might have precluded these 
events. 

Diagnosis and treatment were delayed because of an 
overriding concern for the evaluation of the widened me- 
diastinum in two cases. One patient was hypotensive on 
admission but responded to fluid resuscitation. The DPL 
_ was negative and the patient was taken to angiography 
where a major hypotensive episode occurred with accom- 
panying signs of cardiac tamponade. At operation the pa- 
tient was found to have a blunt atrial rupture with tam* 


TABLE 3. Potential Sequence Errors 


Potential No. of Patients 
Negative celiotomy without DPL 3 
Hypotension in X-ray (No DPL) 2 
Unrecognized blunt cardiac rupture I 
Delayed thoracotomy for bleeding 
intercostal artery 4 
Total Í 7 


DPL, diagnostic peritoneal lavage. 
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ponade rather than an aortic transection. The injury was 
repaired and the patient recovered. The other patient had 
bleeding from a thoracostomy tube of sufficient magnitude 
to prompt operation, but the procedure was delayed to 
obtain aortography and while the plain chest radiograph 
was suspicious, the aortogram was negative. The bleeding 
source was found to be an intercostal artery and the patient 
recovered uneventfully. Both cases emphasize the need 
to avoid being misled by the widened mediastinum and 
excluding other problems that require urgent treatment. 

If these seven cases are indeed considered errors, the 
rate of sequence errors would be 1.6%. This indicates that 
an appropriate triage pattern was followed in more than 
98% of the cases treated. We detected no instances in 
which the aortic injury had delayed treatment and rela- 
tively few in which abdominal injuries were not promptly 
treated. Although this review was retrospective, 1t was clear 
from analysis of the patients’ charts that the clinical acu- 
men of the surgeons involved was excellent; generally they 
recognized the high-risk chest radiographs and promptly 
diagnosed and treated aortic disruptions. 


Discussion 


Widened mediastinum and potential aortic disruption 
is one of few issues in trauma surgery to defy effective 
diagnostic and therapeutic solutions. Likewise few areas 
that have been as well studied remain so intensely con- 
troversial. Both the diagnosis and treatment of thoracic 
aortic and great vessel injuries have become highly charged 
issues. There is great risk to the patient if an aortic injury 
is not detected,’ but considerable time and expense is in- 
curred to exclude diagnosis if it is not present. In addition 
considerable medical~legal risk is involved in caring for 
these patients. Mattox® has recently summarized some of 
these controversial elements in an excellent editorial. The 
controversy includes virtually every phase of diagnosis 
and treatment. Many studies have shown that indirect 
signs and symptoms of aortic disruption, other than the 
widened mediastinum, are not useful: for diagnosis.’ 
However perceptions of mediastinal widening may vary 
greatly. Differences in radiographic technique, including 
the distance between X-ray machine and patient or 
standing versus supine position often cause substantial 
variations in perception of the resultant test. While other 
radiographic signs have been offered to increase diagnostic 
accuracy for aortic transection, none have been repro- 
ducible or present in most patients with aortic transection. 
In addition many trauma surgeons have recommended 
that aortography should be performed for all patients who 
have suffered significant decelerative injury.® In most large 
series of aortography performed for widened medias- 
tinum, positive findings approximate 10% to 20%. Efforts 
to increase the yield beyond this level have resulted in 
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missed aortic injuries and patient deaths. Many radiolo- 
gists, in an attempt to decrease the number of negative 
aortograms performed for widened mediastinum, have 
relied on preliminary computed tomography (CT) scans. 
If no hematoma is found, then the patient is assumed not 
to have a ruptured aorta and arteriography is not per- 
formed. While the use of CT seems fairly accurate,’ we 
and others have noted false-negative results'® and have 
been reluctant to rely on it as the sole diagnostic modality 
for excluding thoracic aortic rupture. 

Most reports on aortic transection have evaluated only 
patients with a proved injury and few have examined is- 
sues that place aortic injury in the context of total patient 
. care. No study has evaluated a large series of patients with 
widened mediastinum and examined the implications of 
priority decisions regarding diagnosis and treatment on 
patient outcome. 

A review of the treatment of aortic rupture may offer 
the impression that these injuries occur in a vacuum; only 
recently has the management of multisystem trauma with 
aortic transection been addressed. Our series indicated 
positive angiograms of 13%, which is representative of 
most reports on aortography for great vessel injury. Be- 
cause approximately 85% of patients studied did not have 
an aortic transection, it is important to consider the out- 
come in this large group of patients and ascertain whether 
any patients without aortic injury were harmed by such 
evaluation. In the group of 7 patients who had potential 
errors in the sequence of tests performed, 2 became hy- 
potensive, | of whom had an adverse outcome, 3 had 
negative abdominal explorations, and 2 had aortic tran- 
sections that could have been harmed by delay. Because 
of these cases, we have depended heavily on DPL during 
the last years of this experience. Even though we rely ex- 
tensively on physical examination in conscious and alert 
-patients under ordinary circumstances, we believe DPL 
should be applied liberally in the abdominal evaluation 
of patients with a widened mediastinum to exclude life- 
threatening intra-abdominal problems. 

If patients have a positive DPL based on erythrocyte 
count alone rather than by the return of gross blood, we 
tend to perform aortography before celiotomy. In patients 
with possible intracranial mass lesions, CCT is performed 
during the same session in the radiology suite. Unstable 
patients with grossly positive lavage should have celiotomy 
before angiography. Often we close the abdomen tem- 
porarily with towel clips to expedite the performance of 
aortography when the plain chest radiograph is highly in- 
dicative of an aortic transection. None of our patients 
with a positive DPL by erythrocyte count had deteriora- 
tion during either aortography or the repair of an aortic 
rupture. Because no method of triage is inherently safe 
for all patients, we realize that sometimes a patient may 
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Patient with Widened Mediastinum 
Sn. 


Hemodynamicaly Stable Hemodynamically Unstable 


L L 
(DPL (-) DPL (+) DPL 
} 1 “oN 
CCT {for GCS 8) <— {+} RBC Gross Blood + RBC Count Only 
and Angio only 4 4 


(+) \e Celiotomy Evaluate 
other causes 
l L 
Thoracotomy Treat other Continues Stabilize 
injuries unstable 


Thoracotomy Celiotomy 


Fic. 1. This algorithm summarizes some general principles we used to 
determine a diagnostic and therapeutic sequence. Many patients have 
problems that requ:re variations in this protocol and our results indicate 
that the surgeon’s judgment on individual patients was remarkably ac- 
curate. 


become unstab:e, regardless of precautions. However we 
believe the rudimentary algorithm outlined in Figure 1 
has served us well in determining the sequence of diagnosis 
and therapeutic maneuver. Nonetheless we would stress 
that the judgment of surgeons familiar with these priority 
issues is crucial and that many individual sequences are 
necessary when caring for patients with multisystem in- 
juries. Whatever the sequence of diagnostic tests or op- 
erative procedures, careful monitoring must be used that 
allows the procedure to be aborted with transfer to the 
operating suite if hemodynamic instability occurs. 

Timing of abdominal exploration versus thoracotomy 
has been addressed in several recent papers when aortic 
transection was known to be present. Kirsh? noted a high 
mortality rate when laparotomy was performed first and 
recommended that repair of the aortic injury be given 
priority. Several recent papers**!! have demonstrated that 
an expeditious celiotomy does not lead to rupture of the 
aorta in most patients and, in fact, may be a safer ap- 
proach. Our data support the efficacy and safety of selec- 
tive celiotomy before aortic repair. In addition to abdom- 
inal and aortic injuries, there were myriad major injuries 
that required evaluation and treatment in our patients. 
We believe it is mandatory for a general surgeon who is 
well versed in the broad aspects of trauma care to direct 
the triage of these patients. A logical plan must be fol- 
lowed, negating turf issues that could be detrimental to 
patient care. 

We emphasize the importance of an integrated plan 
for the evaluaticn and care of patients with a widened 
mediastinum and have focused more than previous papers 
on patients who do not have an aortic injury. We believe 
that in carefully selected patients it is not only reasonable 
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but preferable to manage intra-abdominal injuries before 
repairing the aortic rupture. However we fully realize the 
lethal nature of blunt aortic injuries. In fact we believe 
that many recent publications that have heralded advances 
in operative treatment of aortic transection have greatly 
oversimplified the complex nature of many of these in- 
juries. Our unit has repaired 34 aortic injuries, one of the 
largest reported experiences, and the 44% mortality. is 
comparable to reports on other larger series. While most 
injuries occurred near the aortic isthmus, we also en- 
countered complex tears of the arch involving multiple 
branches that could not be repaired, despite extensive ex- 
perience with this injury. In addition we believe that no 
one method of repair is suitable for all patients. The use 
of the Gott shunt was complicated by a death secondary 
to tearing of the aorta and did not prevent spinal cord 
dysfunction. Similarly our results with clamping and re- 
pair of the aorta are worse than those obtained with the 
Gott shunt or partial bypass. However the groups are not 
comparable; patients treated by clamp and aorta repair 
were clearly an unfavorable group. We echo the senti- 
ments of Mattox,° who emphasized the difficult nature of 
this entire problem and called for a rational, balanced 
approach rather than a dogmatic stand that could not be 
substantiated by data. 


DISCUSSION 


Dr. DAVID V. FELICIANO (Rochester, New York): Dr. Richardson 
and his colleagues have retrospectively reviewed the hospital course of 
408 patients with widened mediastinums who underwent aortography. 
Even without a formal protocol in place, they have noted that 98% of 
patients with a documented widening and associated injuries were handled 
in a reasonable manner by attending surgeons and senior residents and 
none of the patients in the 2% group was clearly harmed by inappropriate 
sequencing of diagnostic and therapeutic modalities. 

I had some questions for the authors. First, was any attempt made to 
perform an Ayella maneuver, as illustrated in this slide to your far right, 
to get a true width of the superior mediastinum on a portable chest x- 
ray? The reason I ask is that your total of 408 aortograms over 7 or 8 
years is quite large, and I am curious if you attempted to get the true 
upright widths or did you just perform aortogram on ali the patients 
with widening of the superior mediastinum on a supine portable chest 
x-ray? 

Second, there was never a definition of what is a wide mediastinum 
in the manuscript, and therefore, I would like to ask what is it, and also 
did the widths in any way correlate with the results of the aortogram? Is 
this a widened mediastinum in Louisville? This one certainly is, but the 
truth is both these patients had aortic ruptures. And a related question 
is: Does the width affect your algorithm in any way? 

Third, I recognize that this is a retrospective study, but do you have 
any data on how many patients with widened mediastinums did not 
actually underdo aortography in Louisville during the same time period? 

If there were some, how did you screen them to rule out an aortic 
rupture, and finally, in the hemodynamically stable patient with a grossly 
positive DPL, is there any place in your algorithm for a CT scan of the 
chest and abdomen to eliminate an unnecessary aortogram and lapa- 
rotomy? 

This paper represents the first comprehensive look at the work-up of 
a large series of patients with a widened mediastinum and other injuries. 
It will be an important reference point for all series on the widened 
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mediastinum and thoracic aortic injuries in the future, and I appreciate 
the opportunity to review it. 


Dr. FREDERICK L. GROVER (San Antonio, Texas): Dr. Richardson’s 
group prospectively identified patients presenting with blunt trauma who 
had a widened mediastinum on chest x-ray, They retrospectively reviewed 
these 408 patients to determine the frequency of the various injuries that 
occurred to evaluate the sequence of both diagnostic and treatment tech- 
niques, which has, in turn, allowed them to develop management prior- 
ities for this challenging group of patients. 

Based on their findings, they have advocated a very sensible balanced 
approach for these patients according to each patient’s relative risk for 
catastrophic events in three body areas—-the chest, the abdomen, and 
the head. 

The authors appropriately emphasize that all organ systems must be 
accounted for rather than having an overly focused assessment of the 
patient by different specialities, and propose a methodology by which 
the treatment order may be prioritized. 

This is very similar to the manner in which we treat similar patients 
at Medical Center Hospital and the University of Texas Health Science 
Center at San Antonio. | 

Was your definition of a widened mediastinum the clinician’s impres- 
sion or the usual accepted 8 cm or more, or a ratio to the chest wall 
diameter? 

Second, do you think that CT scanning has a role as an initial screening 
technique which, if negative, would obviate the need for an aortogram 
and allow more expeditious treatment of other injuries? 

And finally, should all patients have a DPL if they have an aortic 
injury, even if the abdominal exam is completely negative in an alert 
patient? 


Dr. J. DAVID RICHARDSON (Closing discussion): Dr. Feliciano politely 
implied that we may perform too many angiograms; 408 is a high number, 
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but this is only 50 a year over the course of the study and we have 1600 
trauma patients annually. Therefore our number of angiograms is prob- 
ably appropriate for our overall volume of blunt trauma. 

There was also a question about the most common cause of a widened 
mediastinum. Is it duz to poor technique with the film or due to me- 
diastinal hematoma? I have been surprised at how many patients have 
a widened mediastinum secondary to a mediastinal hematoma in badly 
injured patients. Dr. Frank Miller and I presented a paper at the Central 
Surgical meeting that prospectively compared CT scanning and angiog- 
raphy. We were surprised by the large number of patients with widened 
mediastinum who, in fact, had a mediastinal hematoma. Most of these 
patients did not have an arterial injury, but many had a mediastinal 
hematoma to account for the widened mediastinum and not poor x-ray 
technique. 

Dr. Grover asked what is wide? While we consider the standard 8-cm 
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measurement wide, we actually go by more of an impression of what 
looks abnormal rather than depending on actual measurements. In re- 
sponse to the question regarding the role of CT, 1 think CT is fairly good 
for screening bu: it cannot be used as a definitive test. We had two 
patients with fals2-negative CT scan, both of whom had aortic ruptures 
that would have been missed. We also had several patients with branch 
injuries that would have been missed, and therefore we are reluctant to 
rely on it as the only test to exclude vascular injuries. It may well have 
a role as a quick screen if it can be performed more rapidly than arte- 
riography, but we are reluctant to rely on it absolutely. 

We believe DFL should be used very liberally, even in patients who 
have a negative physical exam. Certainly in this group of patients who 
have a widened mediastinum and may have to have multiple procedures 
performed, we think it 1s important to perform DPL early rather than 
relying on sequential physical exams. 
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We reviewed our experience in 38 patients who underwent a 
Fontan operation. In the first five patients ages 7.5 to 23 years 
(mean, 15 years), a conduit was placed from the right atrium to 
the small right ventricle or the pulmonary artery (PA). The re- 
maining 33 patients, ages 7 months to 14 years (mean, 4.8 years), 
had a modified Fontan operation with direct systemic venous or 
right atrial to PA anastomosis. The diagnoses were tricuspid 
atresia (n = 14), single ventricle (n = 10), hypoplastic right or 
left ventricle (n = 9), double-outlet right ventricle with inlet ven- 
tricular septal defect and pulmonary atresia or stenosis (n = 3), 
criss-cross ventricles and transposition of the great arteries (n 
= ]), and atrioventricular canal and anomolous pulmonary venous 
connection (n = 1). Thirty-two patients had previous surgery. 
Other procedures included PA banding (n = 7), systemic to PA 
shunts (n = 25), Norwood operation (n = 3), and a Damus-Kaye- 
Stansel anastomosis (n = 1), repair of total anomolous pulmonary 
venous connection (n = 1), a Blalock-Hanlon atrial septectomy 
(n = 1), and enlargement of a restrictive ventricular septal defect 
(n = 1). There were four operative deaths (10.5%), three from 
low cardiac output and one from subaortic obstruction. There 
were no deaths in patients younger than 3 years of age (n = 13). 
Subaortic obstruction developed in six of the seven patients who 
had pulmonary artery banding and resulted in three deaths. In 
our experience, diagnosis, previous surgery, type of previous op- 
eration, PA pressure, and younger age are not risk factors for 
early or late death. Subaortic obstruction is a major risk factor 
for late death. Accordingly we now perform a Damus-Kaye- 
Stansel anastomosis combined with a systemic to PA shunt in 
those children with excessive pulmonary blood flow who ana- 
tomically are likely to develop subaortic obstruction. A modified 
Fontan operation can be performed any time after 1 year of age 
and in some patients after 6 months of age, providing the anatomy 
and physiology of the patient are acceptable. 


HE FONTAN OPERATION has become the corner- 
stone of definitive palliation in patients with sin- 
gle ventricle physiology. Glenn!” described the 
experimental studies and first reported the clinical appli- 
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cation of partial right heart bypass using a direct superior 
vena cava to distal right pulmonary artery anastomosis. 
Fontan took this procedure one step further by combining 
the Glenn shunt with a homograft conduit from the right 
atrium to the right ventricular outflow chamber or main 
pulmonary artery. He also placed a homograft valve in 
the orifice of the inferior vena cava.? Fontan and Choussat 
further described their criteria for obtaining optimal results 
after the Fontan procedure. Since that publication many 
authors have reported their own experiences with modi- 
fications of the Fontan operation using direct atriopul- 
monary connection, the Fontan-Kreutzer procedure and, 
more recently, total cavopulmonary connection.*'° 
Wider understanding of the postoperative physiology 


_ created by the Fontan operation and improved manage- 


ment strategies have allowed application of these modi- 
fications of Fontan’s procedure to many forms of complex 


congenital heart disease and have extended the limits of 


the original criteria.” 


This report-describes a retrospective review of all pa- 
tients who underwent a Fontan operation at The Milton 
S. Hershey Medical Center. 


Materials and Methods 


All 38 patients who underwent the Fontan operation 
in our institution between early 1978 and October 1989 
are included in the study. The ages of the patients ranged 
from 7 months to 23 years. The mean follow-up time is 
1.3 years (range, | month to 8.4 years). All operations 
were done with cardidpulmonary bypass, direct caval 
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cannulation, and deep or moderate hypothermia. Cold 
crystalloid cardioplegia was used in 34 patients when aor- 
tic cross clamping was required. Four patients had a period 
of induced ventricular fibrillation during moderate hy- 
pothermia to prevent any ejection of air during intra-atrial 
suturing. The hospital records were reviewed and follow- 
up data were obtained by studying records of the most 
recent outpatient visits. Review and follow-up were com- 
plete for all patients. All data were entered into a computer 
database and statistical analyses were performed to de- 
termine the predictors of early and late death. Statistical 
analyses were performed using unpaired t test and Fisher’s 
exact test. 


Results 
Demographics 


In the first five patients, whose ages ranged between 7.5 
and 23 years (mean, 15 years), a conduit was placed from 
the nght atrium to the right ventricular outflow chamber 
or to the pulmonary artery. Of the remaining 33 patients, 
aged 7 months to 14 years (mean 4.8 years), 18 had a 
direct atriopulmonary anastomosis (modified Fontan- 
Kreutzer, [Fig. 1]) and 15 had direct cavopulmonary con- 
nection as described by deLeval (Fig. 2). There were 26 


RISK FACTORS FOR THE FONTAN OPERATION ` 739 


male and {2 female patients (Fig. 3). There was no sig- 
nificant association between mortality and age at opera- 
tion (Table 1). 

The anatomic diagnoses were tricuspid atresia in 14 
patients, single (and double inlet) ventricle in 10, hypo- 
plastic right or left ventricle in 9, double-outlet right ven- 
tricle with inlet ventricular septal defect and pulmonary 
atresia or stenasis in 3, crisscross ventricle and transpo- 
sition of the great arteries in 1, and atrioventricular canal 
and anomolous pulmonary venous connection in | (Table 
2). There was no significant association between mortality 
and anatomic diagnosis (Table 3). 

Thirty-two patients had previous surgery, which in- 
cluded pulmonary artery banding in 7, systemic to pul- 
monary artery shunts in 25, a Norwood procedure in 3, 
a Damus-Kaye-Stansel anastomosis in 1, repair of total 
anomolous pulmonary venous connection in 1, a Blalock- 
Hanlon atrial septectomy in 1, and enlargement of a re- 
strictive ventricular septal defect in 1. Previous surgery 
and the procedure performed had no significant influence 
on subsequent operative mortality rate (Table 3). 

There was no association among operative death and 
aortic arterial saturation, mean pulmonary artery pressure, 
left ventricular end diastolic pressure, and preoperative 
hematocrit (Table 1). 





FIGS. [A~D. The Fontan—Kreutzer operation. (A) Dashed lines indicate incisions in a patient wita tricuspid atresia and transposition of the great 
arteries. (B) The pulmonary artery has been transected and the proximal end oversewn. The right atrial appendage has been incised to create a large 
anterior superior opening. (C) The posterior anastomosis has been made between the pulmonary artery and posterior wall of the right atrium. The 
anterior anastomosis is enlarged with a piece of autologous pericardium. (D) The completed operation. 
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Fics. 2A-C. Total cavopulmonary connection. (A) The main pulmonary artery has been transected and the proximal end oversewn. The superior 
vena cava has been transected just proximal to the right atrium leaving a sufficient length of cava attached to the right atrium for anastomosis to the 
pulmonary artery and avoiding injury to the nodal artery. A baffle of autologous pericardium is sewn to the lateral right atrial wall to direct inferior 
vena caval blood to the superior vena caval orifice. (B) The proximal end of the superior vena cava is anastomosed to the right pulmonary artery. 
The distal end of the superior vena cava is approximated to the distal main pulmonary artery. (C) The completed operation. 


Modified Fontan Procedure 
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TABLE 1. Modified Fontan Procedure: Mortality 
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Clinical Features 
Age at operation Nonsurvivors 
Survivors 
Aortic saturation Nonsurvivors 
Survivors 
Mean pulmonary artery Nonsurvivors 
pressure 
Survivors 
Ventricular end Nonsurvivors 
diastolic pressure 
Survivors 
Hematocrit Nonsurvivors 
Survivors 


Unpaired t test for comparing mean levels of age at operation, aortic 
saturation, mean pulmonary artery pressure, ventricular end diastolic 


Operative Deaths 


The operative mortality rate for the entire group was 
10.5%. Three of these patients had low cardiac output 
syndrome and died either at operation or early after op- 
eration from multiorgan failure. One patient had subaortic 
obstruction and, despite attempted surgical relief of this 
obstruction, died in the operating room. 


Operative Morbidity 


Pleural and/or pericardial effusions requiring hospital- 
ization of more than 30 days or repeated hospitalizations 
occurred in four patients. The late onset of sepsis led to 
the death of one patient. Two patients required postop- 
erative resection of subaortic obstruction and one of these 
had aortic valve replacement as well. A pericardial window 
was created in one patient because of recurrent pericardial 
effusions and one had a permanent pacemaker implanted 
to alleviate sick sinus syndrome. 


Late Deaths 


The late mortality rate, more than 30 days after oper- 
ation, was 8.8%. One patient developed sepsis and low 


TABLE 2. Modified Fontan Procedure: Anatomic Diagnosis 








Anatomic Diagnosis No. 
Tricuspid atresia 14 
Double inlet (single) ventricle 10 
Hypoplastic ventricle 9 
DORV, PS/PA 2 
DORV, AV CANAL l 
TGA, AV CANAL 1 
Crisscross heart I 


Total 38 





DORYV, double outlet right ventricle; PS, pulmonic stenosis; PA, pul- 
monary atresia; AV canal, atrioventricular canal defect; TGA, trans- 
position of the great arteries. 
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All Deaths Operative Deaths Late Deaths 
(Mean) (Mean) (Mean) 
7.59 5.52 10,34 

NS NS NS 
5.96 6.37 5.96 i 
83.86 82.25 86.00 
NS NS NS 
81.55 81.97 81.55 
12.29 10.25 15.00 
NS NS NS 
14.25 14.33 14.25 
10.0 8.0 12.00 
NS NS NS 
8.83 9.13 8.83 
47.00 48.67 44,5 
NS NS NS 
49.74 ` 49.38 49,74 


pressure, and hematocrit in groups defined by all deaths, operative deaths, 
and late deaths. 


cardiac output syndrome and had disseminated intravas- 
cular coagulation 3 months after operation. At autopsy 
there was a large thrombus in the right atrium. A second 
patient developed subaortic obstruction 6 months after 
operation and underwent surgical enlargement of his 
ventricular septal defect. He developed bilateral pneu- 
monia | week after operation and died despite extracor- 
poreal membrane oxygenation support and takedown of 
his Fontan operation. The third patient died 3 months 
after operation. He had chronic recurrent pleural effu- 
sions, and postoperative cardiac catheterization revealed 
a 20-mmHg gradient across the bulboventricular foramen. 
At autopsy the bulboventricular foramen was severely re- 
strictive. 


Subaortic Obstruction and Pulmonary Artery Banding 


Seven patients had subaortic obstruction (Table 4). In 
four patients the diagnosis was made before the Fontar: 
procedure and repair was done at an initial operation by 
direct enlargement of the ventricular septal defect in one 
and by a Damus-Kaye-Stansel anastomosis in another. 


TABLE 3. Modified Fontan Procedure: Clinical 
Associations and Mortality* 


All Deaths OP Deaths Late Deaths 
Clinical Features p value p value p value 
Diagnosis 0.40 0.89 0.17 
Previous operation 0.07 0.75 0.11 
RA to PA conduit 0.24 0.47 0.34 
Subaortic stenosis 0.07 0.54 0.05 


* Fishers’ exact test. 

Clinical associations using Fishers’ exact test comparing all deaths, or 
operative deaths, or late deaths individually versus diagnosis, versus other 
previous operations, versus RA to PA conduit, versus subaortic obstruc- 
tion. 

RA, right atrium; PA, pulmonary artery. 
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TABLE 4. Modified Fontan Procedure: Subaortic Obstruction 


Clinical Features n Deaths 
Subaortic obstructions 
Previous PAB 

Correction before Fontan 
Correction after Fontan - 
Correction at Fontan 


me UPON 
mee ee CO Ot 


PAB, Pulmonary artery banding. 


The ventricular septal defect in the third patient was en- 
larged at the time of the Fontan operation. A fourth pa- 
tient had only a 10-mmHg gradient and is asymptomatic, 
New York Heart Association class I three years after the 
procedure. Two patients deteriorated clinically on devel- 
oping subaortic obstruction after the Fontan operation. 
One had a successful resection of a subaortic membrane 
and also required subsequent aortic valve replacement 
for aortic regurgitation. Recent cardiac catheterization 
shows a partially obstructed right atrial to pulmonary ar- 
tery conduit. The other patient developed subaortic ob- 
struction | year after operation and had successful direct 
enlargement of the ventricular septal defect. After oper- 
ation he died from bilateral pneumonia. In one patient 
the degree of subaortic obstruction was underestimated’ 
during postoperative catheterization and the ‘severity of 
stenosis of the bulboventricular foramen became evident 
only at autopsy. Subaortic obstruction was not a predictor 
of operative death but was a significant predictor of late 
death (Table 3). 

Seven patients had pulmonary artery banding to ini- 
tially manage excessive pulmonary blood flow and 
congestive heart failure and six of these patients developed 
subsequent subaortic obstruction. The association of pul- 
monary artery banding and subaortic obstruction was 
statistically significant (p < 0.01). 


Arrhythmias 


The preoperative and postoperative electrocardiograms 
were evaluated in the 31 patients who are living. No late 
deaths were related to arrhythmias. Two patients did not 
have sinus rhythm before operation. Of the 29 patients 
with normal sinus rhythm before operation, 21 (72%) still 
have it. 

Bradyarrythmias were present in 10% of the patients 
(3 of 29) and tachy-brady syndrome occurred in 14% (4 
of 29). One patient had a nonsinus atrial rhythm. 


Discussion 


Many forms of complex congenital heart disease are 
not amenable to a repair resulting in a biventricular heart. 
Patients with inadequate pulmonary blood flow and hyp- 
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oxia frequently require a palliative shunt in early infancy. 
Fontan’s operation is not possible in infants because pul- 
monary vascular resistance is elevated during this period. 
Although systemic to pulmonary artery shunt improves 
oxygenation by increasing pulmonary blood flow, it nec- 
essarily increases the volume load on the ventricle(s). The 
Glenn shunt diverts systemic venous return (superior vena 
cava) to the right pulmonary artery, thereby increasing 
the effective pulmonary blood flow and providing partial 
separation of the circulations. The Fontan operation di- 
verts all systemic venous return to the pulmonary circu- 
lation; thus the two circulations are completely separated, 
eliminating excess volume loading of the ventricle(s) and 
providing a normal systemic arterial saturation. Other 
complications, such as paradoxical emboli and brain ab- 
scess associated with right to left shunts are also avoided. 

The associated effects of palliative surgery may lead to 
the exclusion of patients in the high-risk category as de- 
fined in the original 10 criteria proposed by Choussat and 
Fontan (Table 5).'' Elevated pulmonary artery pressure 
and elevated pulmonary vascular resistance may be caused 
by multiple systemic to pulmonary artery shunts and/or 
increased pulmonary blood flow. Pulmonary artery mean 
pressure alone was not a risk factor in our patients unless 
it was associated with elevated pulmonary vascular resis- 
tance. There is little doubt that elevated pulmonary vas- 
cular resistance 1s probably the most important risk factor 
for operative death.*°? Systemic to pulmonary artery 
shunts may also cause significant distortion of the pul- 
monary artery anatomy and/or impair subsequent pul- 
monary artery growth, resulting in increased operative 
risk.” Furthermore the excess volume load that may occur 
with systemic to pulmonary artery shunts may cause ven- 
tricular dilation, hypertrophy, decreased compliance, and 
subsequent atrioventricular valve insufficiency.!° These 
deleterious risk factors can be reduced by avoiding mul- 
tiple palliative shunt procedures and proceeding with the 
Fontan operation at an earlier age to shorten the length 
of time that the heart is exposed to volume overload. 


TABLE 5. Modified Fontan Procedure: Criteria for Successful Outcome 


Present 
Criteria ' Choussat-Fontan Authors 
Age > 4 years Yes No 
Sinus rhythm Yes m 
Normal caval drainage Yes No 
Normal RA volume Yes me 
Mean PA < 15 mmHg Yes No 
PVR < 4 units/m? Yes Yes 
PA-Ao ratio < 0.78 Yes Yes 
Normal V function (EF < 0.60) Yes Yes 
No AV valve incompetence Yes Yes 


No PA distortion Yes No* 


* If pulmonary artery reparable. 
RA, right atrium; PA, pulmonary artery; Ao, aorta; V, ventricle; EF, 
ejection fraction; AV, atrioventricular. 
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The development of aortic obstruction secondary to 
pulmonary artery banding is now well recognized.!? This 
is particularly true of closure of the bulboventricular fo- 
ramen when the aorta is transposed and originates from 
the nght ventricular outflow tract. Although subaortic 
obstruction did not reach statistical significance as a risk 
factor for operative deaths, the rate of morbidity and 
number of late deaths were considerably higher when this 
condition arose. In our series three of seven patients with 
subaortic obstruction died and a fourth symptomatic pa- 
tient required an additional operation to resect the sub- 
aortic membrane and then a later one to replace an in- 
competent aortic valve. Nevertheless infants with high 
pulmonary blood flow and congestive heart failure initially 
require surgical intervention to control pulmonary blood 
flow. In patients with normally related great arteries, a 
pulmonary artery band is indicated. Patients with a single 
ventricle, who are likely to develop subaortic obstruction, 
are better managed by performing a Damus-Kaye-Stansel 
anastomosis and creating a systemic to pulmonary artery 
shunt to control pulmonary blood flow.'? This eliminates 
banding the pulmonary artery and the associated risk of 
acquired subaortic obstruction.. 

The requirement for a normal right atrial volume is 
probably not essential because experimental studies with 
total cavopulmonary anastomoses that exclude the nght 
atrium show better hydrodynamic properties.® Similarly 
anomalies of the systemic venous drainage do not ad- 
versely affect results when direct nonobstructive cavo- 
pulmonary connections can be made. 

Mayer et al.” showed clearly that age and anomalies of 
systemic and pulmonary venous drainage were not risk 
factors for operative death. In our series the age at oper- 
ation has decreased substantially since the beginning of 
our experience. Figure 3 shows the young age of the ma- 
jority of our patients. Specifically, in these 13 patients 


who were younger than 3 years old, there were no oper- 


ative or late deaths. 

The development of late postoperative arrhythmias is 
disturbing. Using total cavopulmonary connections to di- 
minish the area of atrial wall that is exposed to chronic 
distention, in theory, may result in fewer arrhythmias. 
Longer follow-up, however, of these patients will be nec- 
essary to establish this concept. The incidence of late ar- 
rhythmias in our patients is similar to that in other stud- 
ies.'* Baffling techniques illustrated by Jonas et al.’ and 
de Leval et al.* (Fig. 2) have enabled us to perform direct 
anastomoses in our more recent 15 patients among whom 
most of the younger ones are included. This approach 
may be important when performing a Fontan procedure 
early in the patient’s life because it produces a large com- 
munication between the cavae and the pulmonary artery. 
Staging also can be accomplished by performing a superior 
vena cava to pulmonary artery anastomosis (bidirectional 
cavopulmonary shunt) as the first step in patients with 
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anatomy or physiology that is not ideal for the Fontan 
procedure. 

Our experience suggests that there are four criteria re- 
quired for the successful outcome of a Fontan operation. 
Normal pulmonary vascular resistance and undistorted 
or reparable pulmonary arterial anatomy are clearly re- 
quired. Good ventricular function and competent atrio- 
ventricular valve(s) are also paramount to a successful 
outcome. The other six criteria are not usually necessary 
in most patients. 

Our experterice indicates that the Fontan operation 
need not be delayed later than 3 years of age and, ideally, 
it should be performed during the second year of life. 
When necessary, to avoid multiple shunting procedures 
or longstanding pulmonary artery banding and the as- 
sociated pulmonary artery distortion, an early Fontan op- 
eration can be cerformed in infants older than 6 months 
of age. 
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DISCUSSION 


Dr. JAMES KIRKLIN (Birmingham, Alabama): It is noteworthy that 
despite the enviable results reported here and by others, the early mortality 
rate following the Fontan operation has not yet reached the very low 
levels currently enjoyed, for example, after repair of tetralogy, transpo- 
sition, complete AV canal, and even in some institutions the neonatal 
switch. Thus the details and inferences discussed by Dr. Waldhausen 
should be reviewed very carefully if we are to make really serious efforts 
to reduce early mortality rates after the Fontan operation to, for example, 
5% or less. 

To this end I have several questions for Dr. Waldhausen. First, you 
mentioned your enthusiasm for the Fontan operation in the first 2 years 
of life. In the case, for example, of classical tricuspid atresia with normally 
related great arteries and normal-sized pulmonary arteries in a I-year- 
old child with progressive cyanosis, would you recommend a primary 
Fontan operation or an initial systemic to pulmonary artery shunt fol- 
lowed by a Fontan procedure by age 2 to 4 years? If you favor a Fontan 
operation initially at age 1 year, please justify that opinion, given the 
reported and realistic current mortality rate of about 5% for the staged 
Fontan with one previous shunt in this particularly favorable group of 
classical tricuspid atresia. 

Second, the authors reported a relatively large number of cases treated 
by direct caval pulmonary anastomosis using their very nice technique 
of a partial pericardial tube. For what anatomic subsets do you specifically 
recommend this technique? 

Third, in the setting of classical tricuspid atresia with a normal pul- 
monary annulus, would you ever recommend a direct right atrial to right 
ventricular connection as popularized by Bjork, taking advantage of the 
pulmonary valve? 

And finally, in their manuscript the authors have voiced enthusiasm 
for the Damus-Kaye-Stanse] technique plus a shunt as an alternative to 
early pulmonary artery banding in the young patient with excessive blood 
flow and single lett ventricle with transposed great arteries. Could the 
authors relate to us their experience with the Damus-Kaye-Stansel pro- 
cedure? 
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Dr. HARVEY W. BENDER, JR. (Nashville, Tennessee): I, too, share 
the concern voiced by Dr. Kirklin about moving too quickly to the very 
young patient with univentricular cardiac malformations. 

It is our bias that in the young child a shunt, and in our institution if 
the child is older than a few months of age we would prefer a venous 


. shunt, which carries very low mortality and morbidity rates, would be 


the first step, and then in the next few years the child could be operated 


/on with low risk for a completion of the bypass of the nght heart. 


How many of the shunted patients had venous shunts as opposed to 
arterial shunts because it has been at least the bias of some of us in our 
institution that patients with previous Glenn shunts seem to fare better 
tn the long run? 


Dr. J. A. WALDHAUSEN (Closing discussion): To answer the question 
ofa 1-year-old child with tricuspid atresia and normal pulmonary arteries 
who is having increasing cyanosis, we would probably recommend an 
early repair, the reason being that we think that systemic to pulmonary 
artery shunts distort pulmonary arteries. Furthermore, tf one looks at 
our 13 patients who were in that early age group, we had no deaths. 
Therefore we believe that early correction is appropriate. 

As to the operation described by Dr. Bjork in which the right atrtum 
can be connected to a small right ventricle present in some patients with 
tricuspid atresia, we have not performed that operation. We always con- 
nect the right atrium to the pulmonary arteries. 

In regard to our results in the Damus-Kaye-Stansel operation, I don’t 
have the exact figures, but we have been impressed that the operation 
does have a place and particularly avoids the problem of the patient 
developing late subaortic stenosis, which we believe to be a major risk 
factor, particularly for late deaths as it clearly was in our group of patients 
here. 

In regard to the question about how many patients had venous versus 
arterial shunts, all were either classic or modified Blalock-Taussig shunts. 
More recently we treated some of these patients with a superior caval 
total pulmonary artery anastomosis in which the superior vena cava is 
sutured into the top of the pulmonary arteries. This allows for completion 
of the Fontan at a later stage. 
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The Double Stapling Technique 
for Low Anterior Resection 


Results, Modifications, and Observations 
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Since the introduction of the end-to-end anastomosis (EEA) sta- 
pler for rectal reconstruction, we have used a modification of the 
conventional technique in which the lower rectal segment is closed 
with the linear stapler (TA-55) and the anastomosis is performed 
using the EEA instrument across the linear staple line (double 
stapling technique). Our experience with this procedure includes 
stapled colorectal anastomoses in 75 patients and is the basis 
for the report. This review presents the details and advantages 
of the technique and the results. Complications include two pa- 
tients with anastomotic leak (2.7%), and two with stenosis that 
required treatment (2.7%). Protective colostomy was not done 
in this series. There were no deaths. Our experience and that of 
others suggests that this modification of the EEA technique can 
allow a lower anastomosis in some patients, and that it can be 
done with greater safety and facility. 


mosis with the end-to-end anastomosis (EEA) 

stapler was described by Ravitch and Steichen in 
1979.' In 1980 our modification of this procedure was 
reported in which the lower rectal segment is closed with 
a linear stapler (TA-55) and the anastomosis is performed 
using the EEA stapler across the linear staple line (com- 
bined or double stapling technique).* The rationale for 
the development of this technique came from Nance’s 
1979 report? in which he described the successful use of 
the EEA stapler across linear staple lines in several gas- 
trointestinal operations. Our experience with this proce- 
dure includes stapled colorectal anastomoses in 75 patients 
and is the basis of this report. 


T HE ORIGINAL TECHNIQUE for low rectal anasto- 


Materials and Methods 


From June 1979 to June 1989, seventy-five patients 
had colorectal anastomoses using the combined or double 
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stapling technique. There were 33 men and 42 women, 
with a mean age of 65 years (range, 28 to 83 years); two 
thirds of these patients were in the seventh and eighth 
decades of life. Indications for surgery are shown in Table 
|. Fifty patients had carcinoma of the rectosigmoid colon, 
20 had diverticulitis, 3 had carcinoma of the ovary, | had 
volvulus, and 1 had rectal prolapse. Among the 50 patients 
with carcinoma of the rectosigmoid, preoperative loca- 
tions of tumors measured from the anal verge at endos- 
copy, are shown in Table 2. Eighteen patients had tumors 
measuring 8 cm or less. Levels of anastamosis are shown 
in Table 3; 20 were less than 6 cm. 


Technique 


Previously we have described the technique for low 
rectal reconstruction after extended low anterior resection 
using the combined stapler technique with the standard 
EEA instrument. Recently the United States Surgical 
Corporation (Norwalk, CT) modified its circular stapling 
device (Premium CEEA™) and TA-55 stapler (Roticulator 
55™), making them even better suited for this technique. 
Although surgeons using the traditional EEA and TA-55 
staplers can still gain technical advantage using the tech- 
nique previously described, the following technique uses 
the new instruments. 

With the patient in the lithotomy-Trendelenburg po- 
sition, providing for the simultaneous exposure of ab- 
domen and perineum, the abdomen is entered through a 
low, midline incision and the abdominal cavity is ex- 
plored. The rectosigmoid colon is mobilized, as in any 
other anterior resection, and if it is determined that a low 
anterior resection is feasible, the mesorectum is divided 
below the anticipated lower margin of resection. The 4.8- 
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TABLE 1. Indications for Operation 





Diagnosis n 





Carcinoma rectosigmoid colon 50 
Diverticular disease 20 
Carcinoma ovary 3 
Volvulus sigmoid colon l 
Prolapse rectum l 





mm Roticulator 55™, a TA-55 stapler modified to rotate 
at its neck, is placed across the rectum at the distal margin 
of resection, angled to maximize exposure and resection 
margin, closed, and activated (Fig. 1). Pressure can be 
applied to the perineum by an assistant to elevate the 
region of dissection, aiding in exposure when necessary. 
A long, right-angle clamp is placed proximal to the staple 
line to prevent soilage and the rectum is divided along 
the edge of the stapler. The pursestring instrument is ap- 
plied at the proximal resection margin. The pursestring 
suture is placed by passing a 2-0 monofilament suture on 
a Keith needle through the pursestring instrument. An 
Ochsner clamp is placed distal to the pursestring instru- 
ment and the colon is transected. A noncrushing clamp 
is applied across the proximal colon, and the pursestring 
instrument is removed. Sizers are passed proximally into 
the lumen. If only the small sizer will enter, the 28-mm 
cartridge can be used: if the middle sizer will enter the 
lumen, the 31-mm cartridge is chosen. We caution against 
the use of the 25-mm cartridge for this anastomosis be- 
cause it may be too small to accomodate the doughnut 
from the thick-walled rectum and the risk of symptomatic 
stenosis may be increased. 

The anvil shaft assembly is then placed in the proximal 
bowel through the pursestring (Fig. 2) and the pursestring 
is tied into the groove on the shaft. The intestinal clamp 
can then be removed. Using the edge of the anvil as the 
proximal extent of dissection, the fatty appendices and 
mesentery are removed, allowing for the approximation 
of bowel wall rather than fat at the anastomosis. 

Attention is then turned to the perineum. The instru- 
ment tray is moved to allow the surgeon access to the 
anal area. The rectal segment is irrigated transanally with 
sterile water under pressure using an irrigating syringe to 
ascertain leaks or staple failures. If in high anterior resec- 
tions the distal pouch is too long to distend with 50 ccs 
of fluid, a Foley catheter can be used through the anus to 


TABLE 2. Distance of Tumor from Anal Verge 








Distance (cm) n 
6-8 18 
9-10 11 

11-15 21 
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TABLE 3. Distance of Anastomosis from Anal Verge 








Distance (cm) n 
3-6 20 

7-9 17 
10-13 38 





facilitate irrigation with larger quantities of water. Any 
leaks detected are repaired with sutures. 

The Premium CEEA™ stapler is introduced into the 
rectal segment with the anvil shaft assembly removed and 
the center rod retracted within the cartridge. The cartridge 
is advanced to the Roticulator 55™ staple line and the rod 
with the trocar attachment is extended a sufficient length 
to allow its transmural visualization anterior or posterior 
to the staple row. It is then advanced through the rectal 
wall adjacent to the staple line (Fig. 3). The trocar is re- 
moved and the anvil shaft is inserted into the rod (Fig. 
4). The Premium CEEA ™ is closed and activated to make 
a circular end-to-end inverting anastomosis (Fig. 5). No 
attempt is made to include the entire circumference of 





FIG. 1. After the rectosigmoid colon has been mobilized, the Roticulator 
55 stapler is applied at the lower limit of the resection and a double row 
of staples is placed. 
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Fic. 2. After selection of the proper cartridge, the anvil shaft assembly 
is detached from the central rod, placed in the proximal bowel through 
the pursestring, and the suture is tied into the groove on the shaft. 


FIG. 3. The Premium CEEA 
staple is introduced into the 
rectal segment with the anvil 
shaft assembly removed and 
the center rod with the trocar 
attachment retracted within 
the cartridge. The instrument 
is advanced, placing the car- 
tridge against the linear staple 
row. The center rod is ex- 
tended, passing the trocar 
into the abdominal cavity 
adjacent to the staple line, 
following which the trocar is 
removed. 
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the rectal segment; only that part that matches the prox- 
imal colon is included. 

Two or three partial-thickness mattress sutures of 3-0 
silk are placed across the anastomosis when it is technically 
feasible. The Premium CEEA™ is then opened no more 
than three complete turns and the instrument is removed 
using the mattress sutures for counter traction. The tissue 
in the chamber is checked to ensure that two complete 
rings or doughnuts are present. A shoestring clamp is 
placed across the colon above the staple row, and the in- 
tegrity of the anastomosis is checked by irrigating the rec- 
tum with water under pressure. An alternative is insuffla- 
tion with air instead of irrigation with water first filling 
the pelvic dead space with saline. If leaks are detected, 
they are repaired with silk sutures. A sump drain, covered 
with a Penrose drain, is placed deep within the pelvis and 
brought through a stab wound in the left lower quadrant. 
The pelvic peritoneum is not sutured and the abdomen 
is closed in the usual manner. 


Results 


Intraoperative complications were infrequent and mi- 
nor. All doughnuts were intact circumferentially, although 
several were not full thickness and others had mucosal 
tails. There were minor intraoperative water leaks in three 
anastomoses that were repaired with sutures. There was 
no intraoperative anastomotic disruption and protective 
colostomy was not performed in this series. 

Postoperative complications were also rare. Two pa- 
tients developed a clinical anastomotic leak that healed 
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FIG. 4. The anvil shaft is in- 
serted into the center rod and 
the closure is begun. 





with conservative treatment. Neither surgical drainage nor of these patients with carcinoma of the rectum developed 
colostomy was required. Two patients had stenosis and a benign anastomotic stricture at 10 cm. Digital dilatation 
stricture of the anastomosis that required treatment. One under anesthesia was successful after the fibrous ring was 


FIG. 5. The Premium CEEA 
stapler is closed and activated 
to make the circular end-to- 
end inverting anastomosis. 
No attempt is made to in- 
clude the entire circumfer- 
ence of the rectal segment; 
only that part that matches 
the proximal colon is in- 
cluded. 
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fractured with biopsy forceps. A second patient developed 
a high stricture after resection for diverticulitis and re- 
quired reoperation and resection using the EEA stapler. 
Although 20 patients had anastomoses within 6 cm of the 
anal verge, no patient has been permanently incontinent. 
While there were no operative deaths in this series, the 
follow-up of patients with malignant disease has not been 
adequate for statistical evaluation of local recurrence. 


Discussion 


The chief attraction of the EEA stapler is that it permits 
most surgeons to perform a low anterior anastomosis 
safely, at a lower level than was previously possible with 
other intra-abdominal techniques. 

The double stapling technique described here offers 
several additional advantages: (1) it obviates the technical 
frustration involved in placing the lower pursestring suture 
and this permits a lower anastomosis in some patients; 
(2) the rectal segment is not opened, which minimizes 
intraoperative contamination; and (3) it avoids problems 
of joining segments of bowel of disparate size (wide rectal 
ampulla to normal or smaller proximal colon), which may 
cause anastomotic complications. 

There has been some concern that the intersecting staple 
lines that result from this procedure might increase the 
risk of anastomotic leak. In theory this concern seems 
justified. However Julian and Ravitch* addressed this 
problem in experimental studies in dogs and showed that, 
although the linear staples are usually removed with the 
doughnuts and are deformed, cut, or squeezed out, no 
leaks occurred. Reports of increasing clinical experience 
also attest to the safety of stapling across staple lines.’ 

Although we have found the original instrumentation 
introduced for end-to-end rectal reconstruction satisfac- 
tory for the double stapling procedure, recent innovations 
in the staplers have made the technique easier and safer. 
The Roticulator 55™ with its adjustable head allows the 
rectum to be stapled at a lower level in some patients. 
Two changes in the EEA instrument facilitate the anas- 
tomosis. The ability to recess the naked center rod within 
the cartridge allows safer passage of the instrument, es- 
pecially if the pouch is long. The chief improvement, 
however, results from maintaining a part of the center 
rod on the anvil so that the anvil can be introduced into 
the proximal bowel before connecting it to the cartridge, 
and the proximal pursestring can be tied under direct vi- 
sion. Then the anvil shaft with the pursestring already 
tied can be attached easily to the Premium CEEA™ deep 
in the pelvis. This eliminates one of the difficult steps in 
the procedure—placing the proximal bowel over the anvil 
in the pelvis. 

Anastomotic leak is the most feared complication of 
gastrointestinal surgery and is the chief parameter by 
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which success of rectal reconstruction is measured. The 
incidence of clinical leaks in stapled colorectal anasto- 
moses varies in reported series, but historical controls with 
hand-sewn techniques indicate that 10% is a traditional 
rate. In 1982, when the EEA instrument was relatively 
new and most reported series included 50 patients or less, 
we reviewed 23 reports, which included 919 patients with 
stapled anastomoses.® Clinical leaks occurred in 8%. A 
recently collected series of 10 reports since 1982 yielded 
1483 stapled colorectal anastomoses with 65 leaks, for a 
rate of 4.4% (Table 4). The complication rate with the 
double stapling technique is also encouraging. In our ex- 
perience we noted two leaks in 75 patients with no sepsis 
and no protective colostomy. Feinburg and associates? 
have reported the results of the double stapling method 
in 79 patients with carcinoma of the rectum and found 
six leaks, or 7.6%, with a mean level of anastomosis 5 cm 
above the dentate line. 

One of the criticisms of the EEA instrument is the pos- 
sibility of stenosis or stricture after its use. The exact in- 
cidence of this complication is difficult to determine be- 
cause the definition of stenosis is not standardized. In 
some series stenosis is reported as a complication when 
the anastomosis will not permit the passage of the proc- 
toscope, even though the patient is asymptomatic. We 
believe that stenosis should be reported only when stricture 
formation requires treatment because most stenoses are 
self-limiting, as demonstrated by follow-up endoscopy. In 
the 1982 review of 919 patients with stapled colorectal 
anastomoses, 31 had symptomatic stenoses, an incidence 
of 3%. A review of 10 reports since 1982 is summarized 
in Table 5. Gordon and Dalrymple’? reported an inci- 
dence of 17% to 20%, but a review of their data shows 
symptomatic stricture requiring treatment in only 1.4%. 
The overall stenosis rate in this collected series is 1.6%. 
Symptomatic stenosis after the double stapling technique 
also occurs infrequently. Two of the seventy-five patients 
in our series required treatment for stenosis, and Feinburg 


TABLE 4. Incidence of Clinical Leaks with Stapled 
Colorectal Anastomoses 


Number 
Series, Year n of Leaks % Leaks 
Cutait and Cutait,’? 1986 140 10 7.1 
Fazio,” 1984 162 5 3.0 
Fazio,'' 1985 84 l 1.2 
Feinberg et al., 1986 79 6 7.6 
Gordon and Dalrymple,’ 

1986 143 l 0.7 
Kennedy et al.,'*? 1983 174 8 4.6 
Polglase,'* 1986 120 13 10.8 
Thiede et al.,'° 1986 301 16 3.3 
Trollope et al.,° 1986 205 3 1.5 
Knight and Griffen, 1990 75 2 2.7 
Total 1483 65 4.4 
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TABLE 5. Incidence of Clinical Stenosis with Stapled 
Colorectal Anastomoses 
Number of 
Series, Year n Stenosis % Stenosis 
Cutait and Cutait,’? 1986 140 3 2 
Fazio,” 1984 162 l 0.6 
Fazio,'' 1985 84 0 0 
Feinberg et al.,° 1986 79 0 0 
Gordon and Dalrymple, !? 

1986 143 2 1.4 
Kennedy et al., 1983 174 | 0.5 
Polglase,'* 1986 120 8 6.6 
Thiede et al.,'° 1986 301 2 0.6 
Trollope et al.,° 1986 205 6 2.9 
Knight and Griffen, 1990 75 2 2J 
Total 1483 25 1.7 





et al." noted no significant stenosis in 79 patients who had 
a similar procedure. 

The etiology of anastomotic stenosis is not completely 
understood. It is generally agreed that anastomotic leak 
may result in failure to heal by first intention, causing 
granulation, fibrosis, and stricture (Fig. 6). Experimental 
studies'®'’ and clinical experience'® indicate that stapled 
anastomoses also heal by second intention because the 
mucosa of the bowel segments is not in apposition but is 
separated by the muscular and serosal layers. Therefore 
the precise stapled anastomosis predictably forms a perfect 
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circular scar, which results in narrowing of the intestinal 
lumen. Fortunately this stenosis is almost always subclin- 
ical and fecal dilatation ultimately provides for widely 
patent anastomoses as observed at follow-up endoscopy. 
We have noted that this process may take several months 
to 2 years. Postoperative stenosis is best prevented by 
avoiding anastomotic leaks and avoiding protective co- 
lostomy, which prevents normal fecal dilatation. We be- 
lieve that the largest suitable cartridge should be used be- 
cause the smaller the circumference of the circular scar, 
the more likely it is to be symptomatic. 

The double stapling technique has its greatest use in 
patients with rectal carcinoma when the need for a low 
anastomosis is essential. We have returned to hand-sewn 
anastomosis in some patients with diverticular disease 
when the proximal bowel for anastomosis is muscular 
and small or the distal segment is long and tortuous. These 
circumstances increase the risk for misadventure and 
complications in a subset of patients ideal for sutured 
anastomosis. 

There are three general categories of sphincter-saving 
procedures to consider when extended low resection with 
lymphadenectomy is required. These include abdomi- 
nosacral resection and anastomosis, transabdominal 
transanal resection with coloanal anastomosis, and ex- 
tended low anterior resection with stapled anastomosis. 
Data comparing the relative incidence of stenosis, anas- 





FIG. 6. This drawing of a 
hemisection of a double sta- 
pled colorectal anastomosis 
shows the precise separation 
of mucosal edges by the other 
inverted layers of bowel wall 
characteristic of EEA anas- 
tomoses. Healing by second 
intention causes a circular 
scar and stenosis, which is 
later corrected by fecal dila- 
tations. 
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tomotic leak, incontinence, and local recurrence are not 
available. Reasons to expect difference in the incidence 
of local recurrence have been postulated, but we believe 
that all options share equally the paramount deterrent to 
success, which is the anatomically limited lateral margin 
of resection. Unique circumstances may sometimes dic- 
tate the procedure of choice, but most surgeons will find 
one approach preferable and almost always applicable. A 
few surgeons already skilled with the abdominosacral 
procedure will continue using it. Others comfortable with 
the ileoanal anastomosis for inflammatory bowel disease 
will favor the coloanal anastomosis. Many will likely prefer 
the extended low anterior resection using exposure and 
dissection, with which they are already familiar. 

With improved techniques for sphincter preservation 
after rectal resection, there is an inclination to compromise 
the lower margin of resection for low anterior resection 
in patients with carcinoma of the rectum. This should be 
avoided. If the same strict criteria are observed in selecting 
candidates for extended low anterior resection with stapled 
anastomosis that have been followed for low anterior re- 
section with hand-sewn reconstruction, the recurrence and 
survival rates should remain the same at all levels. Of 
course lower lesions still have higher local recurrence rates 
because of the more limited lateral resection, just as has 
been observed with abdominoperineal resection for very 
low lesions. Cure of the patient’s cancer should continue 
to be the overriding objective and preservation of the 
sphincter should be a secondary consideration. 
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bulky and big instrument and that the new Ethicon linear stapler is a 
smaller instrument and that is a little easier to use in the low pelvis, and 
I wonder what his comments are about that. 

I was also a little disturbed as a stapler enthusiast to hear that he is 
backing off in som2 cases. I have always thought that the stapler had its 
greatest use in the more difficult cases. Those cases with a lot of edema 
and a lot of high risk anastomoses are the ones that are most ideally 
suited for the mechanical device. 

In his paper, and I would like to hear him make further comment 
about this, he warrs against using the 25 or smaller stapler, and I concur 
with this. Our experience has been that the 25 instrument, which is the 
small end of the EA series, is really too small to use and the incidence 
of stenosis is too high. 

I maintain a great enthusiasm for the use of the EEA and the me- 
chanical devices elsewhere in the abdomen, and J have been fascinated 
that while the EEA has almost displaced hand sewing in low rectal anas- 
tomoses, most surgeons around the country don’t use it anywhere else, 
and I would like Dean to address the issue of whether he thinks staplers 
have a future in the rest of the GI tract, as I thought 10 years ago, but I 
would just like to see if he has learned something in those 10 years. 
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DR. JOHN PEMBERTON (Rochester, Minnesota): Yours is, Dr. Griffen, 
an enviable experience with this ingenious technique. It is particularly 
nice that the group that pioneered and popularized double stapling has 
the best results. 

Of the several controversies surrounding the subject of mechanical 
stapling, two are addressed by this paper. One is an old one, ‘Is stapling 
a colorectal anastomosis safe?? The authors tell us resoundingly that 
indeed it is, it couldn’t be much safer. 

The second controversy 1s a more recent one: ‘Is stapling across another 
staple line safe?’ And again the authors resoundingly tell us that it couldn’t 
be much safer. 

A controversy not fully discussed by the authors, however, is: ‘Does 
stapling predispose to high recurrence rates for rectal cancer?’ l 

In a retrospective analysis of 119 consecutive patients undergoing sta- 
pling or hand-sewn colorectal anastomosis at our institution, the recur- 
rence rate for middle rectal tumors (those between 6 and 10 cm above 
the anal verge) was 26% for stapled versus 10% for hand sewn (Rosen 
CB, et al. Dis Colon Rectum 1985; 28:305--309). Although close, this 
difference was not statistically significant. 

In addition, in a recent report of the NSABP Clinical trial, no recurrence 
or survival disadvantage was found for stapled colorectal anastomosis 
(Wolmark N, Fisher B. Ann Surg 1986; 203:426-433). 

There is little doubt that the primary job of the surgeon is to extirpate 
the disease first and then figure out how to reconstruct the bowel. If the 
problem is approached from the other way around, compromises could 
be made. It is likely that the technique of anastomosis has little to do 
with recurrence or survival. It is the biology of the tumor and adequate 
margins that are Important. 

This double-staple technique is indeed slick, and I would recommend 
it to anyone who has not tried it. I have a few questions. 

Does tt matter if the trochar punches through anterior or posterior to 
the transverse linear staple line? 

Second, under what circumstances would you perform a diverting 
proximal ileostomy or colostomy? 

Have you performed double stapling in patients who received pre- 
operative radiation therapy? 

And finally, do you have any additional data on bowel function, spe- 
cifically stool frequency, in this group of older patients? 


DR. LEON PACHTER (New York, New York): The concept of a double- 
stapled anastomosis, at least at first, runs against the grain ofall surgeons, 
but with the initial excellent reports by Dr. Griffen and Dr. Knight, we 
too were encouraged to try this procedure, and I must confess that we 
never would have had the courage to do it without the preliminary work 
of the Shreveport group. 

Over the past 4 years, we have performed the double-staple technique 
in 94 patients and our results are similar to Dr. Knight’s and Dr. Griffen’s 
and the Shreveport group. As you see, 62 of the patients were for colorectal 
carcinoma, 13 for diverticulitis, and the remaining 19 were of miscel- 
laneous condition. As Dr. Griffen has already mentioned, we try to use 
the largest possible head, usually 31 mm. 

We had incomplete doughnuts in 10 of the cases, and in six of those 
cases we had to perform a colostomy. In this series we had one anasto- 
motic leak. 

I would like to ask the authors several questions. Dr. Griffen mentioned 
that he tested the rectal stump. How do you do that? Did you do it with 
betadine or with methylene blue or with air insufflation? And likewise, 
how did you test your anastomosis? Did you do this also with air insuf- 
flation, and what do you do when you have an incomplete doughnut? 

I personally would not use the double-staple technique in any anas- 
tomossis that I could not do a rectal examination on, because in our 
experience stenosis frequently occurs in the early postoperative period, 
and I dilate these digitally. Without doing that I would be concerned 
about a subsequent stricture. 


Dr. CLIFFORD ROBERTS WHEELESS, JR. (Baltimore, Maryland): We 
have been interested in the surgical reconstruction after total pelvic ex- 
eneration for recurrent gynecologic cancer and extensive radiation injuries 
to the pelvis. 

Most of our coleoproctostomies are at or below the lower valve of 
Houston. We have performed this anastomosis in 90 patients. Most of 
our patients had 5000 centiGrev (rads) pelvic irradiation, including the 
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residual rectum and anus. We endorse the use of the stapler in this highly 
irradiated group of patients. A minority of them have had no irradiation. 
With the same surgical team, we cannot compare the results of the ir- 
radiated group with the nonirradiated group. 

We have data from our Jab to show that in animals radionucleotide 
isotopes pass more readily through fresh staple anastomosis than through 
sutured anastomosis. 

Was there a difference in the complication rates in the low versus the 
very low anastomoses? That is, those anastomoses performed below the 
lower valve of Houston and those anastomoses performed above the 
lower valve? 

Were any of these patients in your series irradiated, and if so, was the 
frequency of complications higher in the irradiated group compared to 
the nonirradiated group? 


Dr. EUGENE H. SHIVELY (Campbelisville, Kentucky): I have had the 
opportunity to use this technique in private practice, and I think this 
has made low anterior anastomosis easy. 

I have routinely sigmoidoscoped and irrigated the rectum with meth- 
ylene blue after the anastomosis is completed. Have you routinely sig- 
moidoscoped, and what do vou use to irrigate the rectum? 


Dr. EDWARD M. COPELAND III (Gainesville, Florida): I do not wish 
to prolong the testimonials, but I do wish to record an observation I 
made using the reticulator for the distal segment. 

When operating low in the pelvis for an exophytic adenocarcinoma 
of the rectum or rectosigmoid, bits of tumor are broken off into the 
bowel lumen. Each of us has seen this situation when the bowel is opened 
to appraise the resection margin or to do an open anastomosis. Common 
sense dictates that if the reticulator is placed across the distal bowel, these 
bits of free tumor will be trapped in the interstices of the staple line and 
increase the incidence of an anastomotic recurrence. Consequently I 
wash the distal bowel out via the anus before applying the reticulator. 
This may be completely teleologic, yet the authors wash the distal bowel 
out after the reticulator has been applied. I wonder if this technique 
might be the etiology of the increase in local recurrence after the retic- 
ulator-aided anastomosis done by the authors. 


Dr. HARVEY J. SUGERMAN (Richmond, Virginia): We have used a 
triple staple technique in patients with ulcerative colitis in which the 
ileal J-pouch is also constructed with an ILA-100 stapler. In our series, 
this seems to be a safe anastomosis that may obviate the need for a 
diverting ileostomy. It is also possible to get down much lower in the 
pelvis, to the levator sling, with a TA-30 Reticulator® stapler than with 
the TA-55 stapler. Have you had any experience with either of these 
techniques? 


Dr. F. D. GRIFFEN (Closing discussion): Carter’s recommended option 
for the linear stapler is another valuable insight. Dr. Pemberton’s review 
af local recurrence data begins to pursue what will likely be the topic of 
the next generation of manuscripts regarding stapled anastomoses. Dr._ 
Copeland’s comments regarding the pathophysiology of anastomotic re- 
currence emphasize that many questions remain unanswered. Dr. Sug- 
erman’s use of the double-stapling technique for ileoanal anastomoses 
is a Step beyond our work toward new technical horizons. 

Many of the questions raised, although not addressed in my presen- 
tation, are answered in the manuscript. A few require emphasis. (1) A 
protective colostomy has little use because an anastomosis that is secure 
when tested does not require diversion and one that leaks air or water 
is best repaired, repeated, or replaced with a permanent colostomy with 
AP resecton. In the case of questionable tension or ischemia, the risk- 
benefit equation may rarely favor protective colestomy. (2) Two of our 
patients had preoperative irradiation for fixed tumors and neither had 
anastomotic leak or stenosis. Other reported series have more aggressive 
irradiation protocols and have experienced similar success. (3) No can- 
clusion can be reached from our data regarding the relative safety of low 
and high anastomoses. Both stenoses occurred in relatively high anas- 
tomoses. Low anastomses are protected form this complication by digital 
dilation, as Dr. Pachter emphasized. One leak occurred from a high 
anastomosis and the other from an extended low resection. In theory 
the leak rate at all levels should be similar if tension and ischemia are 
avoided and all anastomses are air or water tight. 
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The hypothesis that near-total early excision of large burns in 
children can be performed safely with a reduction in blood loss 
was tested. Of 1662 acutely burned patients admitted to this 
institution between 1982 and 1989, 594 underwent near-total 
excision of cutaneous flame or scald burn injuries in a single 
procedure. Operations took less than 3 hours and there were no 
operative deaths. Blood losses in burns of more than 30% total 
body surface area (TBSA) were significantly less at 0.40 + 0.06 
mL/cm? and 0.49 + 0.49 mL/cm? excised when surgery was 
performed within the first 24 hours or after the 16th day after 
burn, respectively, when compared to 0.75 + 0.02 mL/cm? for 
those excised between 2 and 16 days after burn (p < 0.05). Blood 
loss for burns of less than 30% TBSA was of 1.19 + 0.13 mL/ 
cm’. Early excision did not increase mortality rate when com- 
pared to later excision times. We suggest that near-total excision 
of large burns within the first 24 hours reduces blood require- 
ments and morbidity without adversely altering hemodynamic 
stability or increasing mortality risks. 


EVERAL DECADES AGO, the effectiveness of early 

burn wound excision and subsequent wound clo- 

sure was described.!~’ The first proponents of this 
procedure could not demonstrate a significant improve- 
ment in mortality rate in patients with more than 30% 
total body surface area (TBSA) burns due to infection, 
massive blood loss, the inability to close excised wounds, 
and inadequate monitoring capabilities. With the intro- 
duction of topical chemotherapeutic agents, survival in 
patients treated with spontaneous burn wound separation 
and subsequent grafting improved. This decreased the 
number of deaths, and in addition to the perceived ad- 
vantages of less blood loss and a shorter operative time, 


~ resulted in a waning of support for early burn wound 


excision. Burn wound excision was revived with the in- 
troduction of tangential excision," however excisions 
were still performed in increments of 15% to 30%, which 


Address reprint requests to Manu H. Desai, M.D., Shriners Burns 
Institute-Galveston, 610 Texas Ave, Galveston, TX 77550. 
Accepted for publication February 6, 1990. 


From the University of Texas Medical Branch,* Shriners 
Burns Institute—Galveston Unit, Galveston, Texas 


was thought necessary to reduce associated blood loss, 
hypothermia, and anesthesia stress. Tangential excision, 
which allows the removal of denatured tissue while pre- 
serving much of the surrounding viable tissue, decreases 
body contour cnanges often observed with fascial excision 
and potentially reduces long-term functional deficits. One 
of the chief drawbacks of primary tangential excision has 
been the amount of blood loss associated with its use when 
compared to fascial or late excision.” !4~"? It is difficult ta 
quantitate blood loss due to individual variability,!2!%°7! 
surgical technique, total burn size, postburn time of ex- 
cision, and site and size of the area excised. Recent de- 
velopments in intraoperative monitoring however, have 
enabled anesthesiologists to accurately maintain blood 


- volume during surgery. These and other developments ` 


have improved mortality rates with early near-total burn 
wound excision compared to delayed excisional proce- 
dures.” Decreased blood loss related to tangential ex- 
cision has been suggested during the first few days after 
burn compared to later excisions.'*!> Theoretically this 
may be due to the effects of vasoactive mediators’? and 
edema formation, which achieve maximal vasoconstric- 
tion during the first 24 hours after injury. This study tests 
the hypothesis that blood loss resulting from near-total 
burn wound excision in children with large burn wounds 
is less without increased morbidity and mortality, pro- 
vided that wound excision is performed within 24 hours 
after injury. 


Materials and Methods 
A total of 1662 acutely burned pediatric patients were 
admitted to this institution between 1982 and 1989. Five 
hundred ninety-four patients with cutaneous flame or 
scald burn injuries required excision and grafting and, of 
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these, 318 had burns of more than 30% TBSA. All wounds 
clearly requiring surgical intervention were excised in one 
procedure as soon as possible after admission, with special 
efforts made to excise burns of more than 30% TBSA 
within 48 hours and smaller burns within 72 hours. All 
excisions and anesthetics were performed under the di- 
rection of the authors, with assistance provided by resi- 
dents and interns. i 

All patients received Ketamine anesthesia and oxygen 
supplementation via mask or, infrequently, endotracheal 
tube at 37 C and 100% relative humidity to maintain 
normal PaO, levels during the excisional procedure. No 
time constraints were placed on the length of operation. 
The entire burn wound, with the exception of the face 
and perineum, was excised tangentially with fascial ex- 
cision used only when fat or muscle was burned. Rectal 
temperatures were continuously monitored during the 
surgical procedure with environmental temperatures ad- 
justed to maintain a core temperature of more than 36 C 
and less than 38 C. Intravenous fluids, including blood, 
were administered at temperatures of 38 C using a high- 
volume fluid warmer (Model H-500, Level I Technologies 
Inc., Plymouth, MA). A surgical knife (Storz, St Louis, 
MO) was used’ to excise all full-thickness wounds at a 
depth of 0.01 to 0.1 inches and a surgical blade (Weck, 
Research Triangle Park, NC) used for excision of the small 
surfaces of the hand or foot. Contiguous deep partial- 
thickness wounds were tangentially excised using serial 
passes of an electric dermatome (Padgett, Kansas City, 
MO) set at a depth of 0.005 to 0.01 inches until punctate 
bleeding was achieved. Donor sites were harvested at 0.005 
inches during the excisional procedure. Bleeding was 
controlled with topical thrombin combined with pressure 
and electrocautery (Aspen Labs, Utica, NY) or ligation 
of identified large vessels. After hemostasis, large excised 
wounds were covered with 0.005 to 0.01 inches thick au- 
tograft meshed 4:1 (Bioplasty Ampligraffe, Genetic Lab- 
oratories Inc., St Paul, MN) or meshed 2:1 for small burns, 
as available donor sites permitted. The 4:1 meshed au- 
tograft was overlaid with 2:1 meshed ABO-matched fresh 
or frozen cadaveric allograft. Meshed homografts (2:1) 
were used to cover all excised sites when autologous donor 
skin was unavailable. Donor sites were covered with Scar- 
let Red impregnated fine mesh gauze (Cheeseborough- 
Pond, Greenwich, CN) and grafted areas were covered 
with triple antibiotic (Polysporin® Burroughs Wellcome 
Research, Triangle Park, NC)/nystatin (1:1) impregnated 
fine mesh gauze,” bulky dressings, orthoplast splints 
(when appropriate), and elastic wraps. Postoperative he- 
matology, serum chemistry, and blood gas values were 
determined within | hour of patient arrival at the post- 
anesthesia care unit and chest radiographs were obtained 
and assessed for the development of intraoperative pul- 
monary edema. 
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Inadequacy of intraoperative resuscitation was deter- 


- mined by the following criteria: (1) blood pressure devia- 


tions of more than 40% of baseline, (2) cardiac dysrhyth- 
mias, (3) inability to maintain a patent airway, (4) PaO, 
less than 50 torr, (5) PaCO, > 60 torr, (6) hemoglobin of 
less than 8 or more than 12 g% or hematocrit of less than 
24 or more than 48%, (7) urine output less than 0.75 mL/ 
kg/hr, (8) pulmonary edema on postoperative chest ra- 
diograph, and (9) any neurologic deficit. The presence of 
any of the above criteria indicated inadequate resuscita- 
tion. Operative blood loss was calculated by the formula”’: 


Blood Loss (mL) 


PostOp Hct X 0.01 


Where: 
PreOp RBCV (mL) 
= Body wt (kg) X 80 (mL/kg) 
x [PreOp Het (%) X 0.01] 
PostOp RBCV (mL) 
= Body wt (kg) X 80 (mL/kg) 
x [PostOp Hct (%) X 0.01] 
TX RBCV (mL) = Total mL whole blood 
administered during surgery X 0.3 
(assuming a Hct of 30% for all whole blood units) 


Preoperative red blood cell volume (PreOp RBCV) was 
calculated using the body weight obtained within 24 hours 
and the hematocrit obtained within 12 hours before the 
surgical procedure. Direct postoperative weights were not 
measured due to the inadvisability of patient movement 
after graft placement. Postoperative red blood cell volume 
(PostOp RBCV) was therefore calculated from the pre- 
operative body weight corrected for the weight of the ex- 
cised tissue and the hematocrit obtained within | hour of 
completion of the surgical procedure. To validate this 
procedure, intraoperative blood loss was measured gravi- 
metrically on a series of five patients. Tare weights of all 
drapes, sponges, gauze, gowns, gloves, and related para- 
phernalia were obtained before use and subtracted from 


. gross weights after use. Care was taken to weigh all items 


immediately after removal from the sterile operating field 
to decrease the evaporative loss. No additional topical 
liquids (e.g., sterile water or saline) were used during the 
procedure, thus the difference between pre- and postop- 
erative weights of the various items was assumed to be 
the amount of blood loss. The specific gravity of whole 
blood varies from 1.050 to 1.064, depending on the total 
number of cellular elements present. Our calculations 
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TABLE 1. Patients with More Than 30% TBSA Burn Who Failed Intraoperative Resuscitation Criteria 
Blood Respiratory Pulmonary 
Hemoglobin (Hgb) Pressure Urine Criteria Edema 
Criteria for Exclusion Hematocrit (Hct) et we Output a aa aeS 
ee > + 40% of as Nonpatient Airway X-ray: 
Group Heb <8 or >12 2% Preoperative <0.75 PaO, < 50 torr Positive or 
(PBD) % (N) Het <24 or >48% Baseline mL/kg/hr PaCO, > 60 torr Negative 
0-1 0 (0) — — — — — 
i 15 (9) 55 (5) 22 (2) 22 (2) = = 
2-16 14 (28) 36 (10) 25 (7) 18 (5) 7 (2) 14 (4) 
>16 37 (15) 47 (7) 20 (3) 20 (3) 7 (1) 7 (1) 
Total Percentage l 
Failed 16 (52) 42 (22) 23 (12) 19 (10) 6 (3) 10 (5) 


Data presented as % with number in each group in ( ). 


were made using | g equal to | mL of blood. To compare 
the gravimetric analysis to values calculated from the 
blood loss formula, postoperative body weights were de- 
termined by correcting for the weight of excised tissue 
and intraoperative fluid balance. 

The average blood loss per surface area excised (mL/ 
cm’) was compared at various postburn periods of exci- 
sion. Comparisons were made using analysis of variance 
(ANOVA) and Duncan’s Multiple Comparison Proce- 
dures. A variable selection procedure was used with the 
regression of blood loss on potential predictors (i.e., age, 
sex, burn size, causative agent) to develop a predictive 
blood loss formula at various postburn periods. All data 
presented are means + SEM, with significant differences 
accepted at p < 0.05. 


Results 


Sixteen per cent (n = 52) of the patients who underwent 
near-total excision of more than 30% TBSA burns failed 
to meet intraoperative resuscitation criteria. All patients 
excised within the first 24 hours of injury were adequately 
resuscitated; however 15% of those excised between days 
| and 2, 14% of those operated on between postburn days 
2 to 16, and 37% of those operated on 16 days after burn 
were inadequately resuscitated intraoperatively. Reasons 
for not meeting the criteria were high or low postoperative 
hematocrits (42%), transient blood pressure changes 


(23%), or low intraoperative urine output (19%) (Table 
1). No significant differences could be shown in the other 
monitored intraoperative parameters between those 
identified as not meeting intraoperative resuscitation cri- 
teria and the group who did (Table 2). Intraoperative as- 
anguinous fluid and whole blood administration main- 
tained stable intraoperative urine output, central venous 
pressures (CVP), mean arterial pressures (MAP), core 
temperatures, nd postoperative hematocrits. Transient 
increases in creatinine occurred in one patient. More se- 
rious complications, such as postoperative pulmonary 
edema and intraoperative airway obstruction, occurred 
in only eight patients. There were no operative deaths in 
patients with burns of more than 30% TBSA. In all pa- 
tients with more than 30% TBSA burns, asanguinous fluid 
administered was 42.4 + 3.5 mL/kg with a urine output 
of 2.8 + 0.5 mL/kg/hr, CVP was 6 + 1 mmHg, core tem- 
perature was 37.1 + 0.2 C, MAP was 85 + 2 mmHg, and 
postoperative Hct was 38% + 3%. Mean operative time 
was 2.4 + 0.1 hours. No significant relationship could be 
shown between length of the procedure and blood loss. 
Blood loss calculated for patients who did not meet the 
intraoperative resuscitation criteria were compared to 
those who did by regression analysis and were found to 
be no different at p < 0.05. Patients were divided into 
groups by postburn day (PBD) of excision: PBD 0 to 1. 
1 to 2, 2 to 16, and more than 16. All excised patients 
with less than a 30% TBSA burn showed a blood loss that 


TABLE 2. Intraoperative Monitored Data* for all Subjects with More Than 30% TBSA 


OR PreOp PostOp 
Group Asanguinous UOP CVP Core MAP Time Het Hct Amount 
(PBD) Fluid (mL/kg) (mL/kg/hr) (mmHg) Temp (C) (mmHg) (hrs) (%) (%) Excised (g) 
0-1 34.5 + 5.3 2.9+0.3 6.1 + 0.4 37.2 + 0.1 852 2.4 + 0.1 42 +3 4l 3 688 + 191 
1-2 49.2+4.8 3.6 + 0.4 6.0+0.3 37.1401 82 +2 2.5+0.1 40+ 1 3321 981 + 258 
2-16 40.7 + 2.6 2.5+6.3 5.7+0.6 36.9 + 0.2 88 +2 2.8 + 0.2 3541 3341 913+ 88 
>16 43.2 + 9.6 3.8 + 0.6 4.3 +0.44 37.2 + 0.1 88 + 2 2.3 + 0.3 3341 351 280 + 125 





UOP, Urine Output; CVP, Central Venous Pressure; MAP, Mean 


Arterial Pressure; OR, operating room; Hct, hematocrit. 


* Data presented as means + SEM. 
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did not vary with postburn day of excision, but few of 
these were operated on during the first 24 hours (n = 2) 
or after the 16th day after injury (n = 3) (Table 3). Blood 
loss in patients excised within the first 24 hours was com- 
pared to that in patients excised 24 or more hours after 
injury (Fig. 1). Blood loss for those patients excised during 
the first 24 hours after injury was significantly less for all 
burn sizes than that of the regression equation for those 
excised after the first day (p < 0.001), with the standard 
error of the estimated slope being 0.022 and 0.013 mL, 
respectively. Blood loss in patients with burns larger than 
30% TBSA was 0.41 + 0.06 mL/cm? when excised within 
the first 24 hours after injury, while blood loss in similarly 
burned patients excised between 2 and 16 days was sig- 
nificantly higher at 0.75 + 0.04 mL/cm”. In patients with 
more than 30% TBSA burns admitted more than 16 days 
after burn with partially separated or granulating wounds 
or those with wounds of questionable depth on admission, 
blood loss was 0.49 + 0.07 mL/cm’. This was not different 
from the early excision group of patients but was signif- 
icantly less at p < 0.01 than those excised between PBD 
2 to 16 (Fig. 2). 

Table 4 depicts age, burn size, and incidence of inha- 
Jation injury in subjects with more than 30% TBSA burns 
and excised at various times after injury. Burns excised 
more than 16 days after burn had significantly less area 
of third degree burn than those excised earlier. Total blood 
loss, area excised, sex distribution, and length of hospital 
stay (LOS) were compared for patients excised within each 
study period. No significant increase in mortality in burns 
of more than 30% TBSA when excised within the first 24 


12 






i 


Blood Loss (mI x 103) 





4 8 12 16 
Area Excised (cm2 x 103) 


Fic. 1. Regression slopes and equations for patients with 230% TBSA 
burn excised within 24 hours of injury (n = 15) and those excised after 
24 hours (n = 299). *Significantly lower slope at p < 0.001. 
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Blood Loss vs. Postburn Day For 
Excision Of >30% TBSA Burns 
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* Significantly different from O~1 and >16 days 
at p<0.01 (ANOVA) N=318 


Fic. 2. Bar graph depicting changes is blood loss (mL/cm? excised) at 0 
to 1, | to 2, 2 to [6, and more than 16 days after burn for 318 excised 
patients with more than 30% TBSA. *Significantly higher from 0 to | 
days and more than 16 days at p < 0.01 (ANOVA). 


hours after burn could be shown compared to the other 
time periods. Multiple regression analysis failed to show 
any significant influence of age, sex, cause of burn (flame 
versus scald), or TBSA burn in burns larger than 30% 
TBSA on blood loss. Characteristics, mortality, hemato- 
crit, and blood loss for patients with less than 30% TBSA 
burns are depicted in Table 4. Blood loss in these patients 
was 1.2 + 0.1 mL/cm’. 

Blood loss associated with burn wound excision can be 
described by: 


TABLE 3. Characteristics of Patients with Less Than 30% TBSA Burn 


Characteristic 
N 276 
Age (yrs) 6.0 + 0.3 
TBSA burn (%) sd 14+2 
TBSA 3rd (%) 5+1 
BSA (m°) 0.83 + 0.02 
Weight (kg) 24 +2 
LOS (days) Zi | 
Inh Inj (%) 1] 
Male (%) 67 
Mortality (%) 0.5 
PBD Excision 8+0.4 
PreOp Het (%) 36 + 0.4 
PostOp Het (%) 35 + 0.4 
M? Excised 0.10 +0.01 
Blood loss/cm? 1.20.1 


Data presented as mean + SEM. 
LOS, length of hospital stay. 
PBD, postburn day; Het, hematocrit; Inh Inj, inhalation injury. 
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TABLE 4. Characteristics of Patients with More Than 30% TBSA 
Burns Grouped by Postburn Day of Excision 


Postburn Days of Excision 


Characteristic Qe] 2-16 >16 


N 15 262 41 

Age (yrs) TE? Ta] 8l 
TBSA burn (%) 6446 58:3 4442 
TBSA 3rd (%) 54+ 3 39 +5 26: 3* 
BSA (m7) 0.96 + 0.15 0.97 + 0.06 0.93 + 0.06 
Weight (Kg) 30 +7 3143 27 + 3 
LOS (days) 42 +6 44+4 54+ 4 
Inh Inj (%) 0 25 20 
Male (%) 61 54 54 
Mortality (%) 7 5 2 
PBD excision 0 4+1 29:22 
M? Excised 0.51 + 0.10 0.42 + 0.04 0.24 + 0.037 


Blood loss/cm? 0.41 + 0.06 0.72 + 0.03 0.49 + 0.07 


* Significantly different compared to 0-1 days at p < 0.05 (ANOVA). 

t Significantly different compared to other groups at p < 0.05 (AN- 
OVA) Data presented as Mean + SEM. 

LOS, length of hospital stay. 

Inh Inj, inhalation injury. 


(1) Average amount of blood loss for more than 30% 
TBSA burns when excised in the first 24 hours = 0.35 
X area of excision (cm’), r? = 0.95 

(2) Average amount of blood loss for more than 30% 
TBSA burns when excised between 2 and 16 days 
after injury = 0.60 X area of excision (cm?), r = 0.86 

(3) Average amount of blood loss for less than 30% TBSA 
burns when excised from admission to discharge 
= 0.68 X area of excision (cm), r = 0.81 


To ensure that the results obtained were valid, regres- 
sion analyses and blood loss calculations were performed 
on a group of patients (n = 292) with hematocrits of =>30% 
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and <50% and a second group with pre- dnd postoperative 
hematocrits within +5% (n = 179) (Table 5). No signifi- 
cant differences could be determined between these two 
groups of patients and the initial group (n = 318) of pa- 
tients presented. 


Discussion 


Blood loss in large burn injuries (more than 30% TBSA) 
was significantly decreased when surgical excision was 
performed within the first 24 hours after injury compared 
to those performed between the second and sixteenth days 
after injury. Reduced blood loss was noted in the second 
24-hour period after injury; however this was not signif- 
icant compared to blood loss between postburn days 2 
and 16. Blood loss in burns treated conservatively with 
grafting on granulating beds is also less when compared 
to blood loss from excision during postburn days 2 
through 16. 

We have previously demonstrated”? that blood loss was 
significantly reduced with a more conservative approach 
in which grafting was performed after 16 days after injury 
than that observed in an early excision group. In this study 
the similarity or the blood loss noted in excisions per- 
formed on postburn days 0 and 1 and after postburn day 
16 may be due to the differing methods of graft site prep- 
aration. Early excisions require the sharp removal of ad- 
herent eschar, whereas the preparation of a burn wound 
after 16 days after injury is a blunt debridement of the 
granulating bed. It is noteworthy that the amount of third- 
degree burn is significantly less in the patients with burns 
of more than 30% TBSA excised after 16 days postburn, 
even though the amount of TBSA burn is similar. This 
is possibly due to errors in early clinical assessment, in- 


TABLE 5. Blood Loss in Patients with = 30% TBSA Burn and Robust Regression of Blood Loss Versus Area Excised 


Pre- and Postoperative 


Overall Preoperative Hct >30% <50% Het Within + 5% 
Postburn Day Blood Loss/ Slope and R Blood Loss/ Slope and R Blood Loss/ Slope and 
of Excision cm? Value cm? Value cm? R Value 
0-1 0.41 + 0.06 0.45 0.37 + 0.06 0.42 0.36 + 0.09 0.36 
(0.327, 0.57) (0.29, 0.54) (0.28, 0.44) 
r = 0.85 r = 0.85 r = 0.98 
(N = 15) (N = 11) (N = 4) 
2~16 0.72 + 0.03* 0.63 0.75 +0.04} 0.62 0.68 + 0.04 0.62 
(0.593, 0.671) (0.576, 0.65) (0.56, 0.66) 
r=(0.8 r = 0.79 ° = 0.79 
(N = 262) (N = 250) (N = 145) 
> 16 0.49 + 0.07* 0.36 0.49 + 0.07* 0.36 0.47 + 0.07+ 0.36 
(0.25, 0.46) (0.26. 0.47) ; (0.26, 0.45) 
r = 0.53 r=0.73 r = 0.72 
(N = 41) (N = 38) (N = 25) 
Data presented as Mean + SEM for blood loss/cm?; slope value with * p < 0.01; tp < 0.05. 


95% confidence limits in ( ). 
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dicating that these wounds would spontaneously heal, 
which would result in a significant number of patients 
requiring late surgical intervention, and in the early ex- 
cision groups, in which areas that might have healed were 
undoubtedly removed. 

The use of pre- and postoperative hematocrits as an 
indicator of adequate intraoperative blood volume re- 
placement can lead to significant calculation errors in es- 
timation of blood loss. Several authors??? have noted 
that the hematocrits of burned patients may be in error 
as much as 10% to 20%, which could be due to the fluc- 
tuating vascular volume during the early postburn period. 
Intravascular fluid loss in the early postburn periods may 
` alter the circulating volume and change the calculated red 
blood cell volume (RBCV), thereby introducing some er- 


ror. In a series of 60 dogs with 50% TBSA full-thickness ° 


flame burns, Baxter and Shires*? demonstrated a mean 


blood volume decrease of 8% during the first 24 hours . 


after burn, while Pruitt described a ‘modest’ plasma vol- 
ume decrease in a series of 10 adult men with a mean 
burn size of 65% TBSA.*! Increased capillary permeability 
responsible for the extravascular fluid accumulation is re- 
duced after the first 8 hours after injury, with ‘maximal 
edema formation occuring within 18 hours.*? No exci- 
sional procedures were performed during the first 8-hour 
postburn period, and most were performed after 12 hours 
after injury. When operative times, amounts of admin- 
istered asanguinous fluid, and evaporative losses are sim- 
ilar, any aberration in fluid equilibration would be con- 
stant. When the central venous pressure, urine output, 
and mean arterial pressure are normalized, error due to 
vascular volume changes and hematocrit estimation can 
be minimized. The formula by which blood loss was cal- 
culated is based on the RBCV before operation, after op- 
eration, and on intraoperative blood transfusions, not 
simply on the hematocrit, and should improve the pre- 
dictive accuracy of the formula used. It is possible, how- 
ever, that this calculation may be in error when applied 
to patients in states of extreme hemoconcentration or he- 
modilution. When blood loss calculations were performed, 
excluding patients with preoperative hematocrits of <30% 
or 250%, the results demonstrated no differences from 
those obtained overall. In addition a series of patients 
with pre- and postoperative hematocrits within +5% also 
demonstrated no differences from those obtained for the 
group overall. The alternate methods of establishing blood 
loss, including serial volume determinations using various 
dyes or radiolabeled cells or plasma, and gravimetric eval- 
uations have arguably not proved to be of any significant 
advantage compared to this technique.**-*4 

Due to the inadvisability of using radioactive isotopes 
in children and the unavailability of Evans blue in phar- 
macologic grades due to its demonstrated carcinogenic 
effects, gravimetric analysis was used to evaluate the va- 
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lidity of the blood loss formula. Gravimetric analysis of 
blood loss was found to be within a mean of 15% of those 
calculated by the blood loss formula used in this study. 
The difference between the determined postoperative 
weight (i.e., preoperative weight corrected for tissue ex-’ 
cised and fluid balance) and direct 4-day postoperative 
nude weights was only 3%. 

References to lower blood losses associated with burn 
wound excision performed within the first 48 hours after 
burn have been made by several authors.'?”° Although 
general surgical tradition advocates correction of hemo- 
dynamics and stabilization of the patient before a major 
surgical procedure, technologic advances have enabled 
early excision of the burn wound within 48 hours of the 
time of injury, with hemodynamic stability achieved con- 
currently, thus optimizing the removal of necrotic tissue, 
altering humoral responses, infection rate, hospital stay, 
and mortality.” 

The release of systemic and local mediators in response 
to thermal injury has been well described. Hilton et al.” 
have shown that vasopressin plasma levels increase five 
times within 30 minutes after a 15% TBSA full-thickness 
thermal injury. They have further.shown that the subse- 
quent increase in systemic vascular resistance that occurs 
after burn injury results in a myocardial depression that 
can be reversed by nonspecific vasodilators such as vera- 
pamil and nitroprusside.*° Herndon et al.” demonstrated 
elevated thromboxane A, metabolite levels in patients 
with burn injuries. Early postburn plasma samples from 
patients have showed thromboxane B> (the stable metab- 
olite of the potent vasoconstrictor thromboxane A;) levels 
at 2.6 + 0.85 picomoles/mL. This represents an elevation 
of 86 times that found in the control group. They have 
also shown that plasma 6-keto-PGF levels do not change 
after thermal injury, resulting in an imbalance of opposing 
physiologic mediators. The ratio of thromboxane A, to 
prostacycline would result in vasoconstriction, which can 
contribute to further ischemia as well as to the redistri- 
bution of blood flow from central organs, particularly the 
gut. Catecholamines”* and many other systemic and local 
mediators, which have been demonstrated to be elevated 
in burned patients, also-have vasoconstrictive effects on 
the circulatory system. Surgical removal of coagulative 
necrotic tissue from thermal injury may reduce such early 
vasoconstrictive humoral responses, bacteria, endotoxin, 
and even perhaps decrease the early immunosuppressive 
effects?” of acute-phase mediators such as IL-1, IL-2, TNF, 
or the burn toxin described by Allgower et al.’ The re- 
sulting exchange transfusion may also dilute these acute- 
phase mediators, thus encouraging an early recovery.” 

Data presented have demonstrated that near-total ex- 
cision of large (58 + 3% TBSA) burns can be safely per- 
formed in operations lasting 3 hours or less while main- 
taining hemodynamic stability and core temperatures. 
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Less blood loss is associated with burn wound excision 
when performed within 24 hours or when delayed grafting 
on granulating beds is performed after 16 days after burn. 
No significant difference in blood loss could be shown in 
burns of less than 30% TBSA at any excision time, but 
too few patients were excised within the first 24 hours 
after burn or after 16. days after injury to make a valid 
comparison. Predictive formulae for blood loss have been 
constructed for burns more than 30% TBSA excised dur- 
ing the first 24 hours or after the 16th day after burn, 
excised between the second and sixteenth day after burn, 
and for patients with less than 30% TBSA burns. Near- 
total primary excision of large burn wounds can be per- 
formed during the resuscitative phase of burn injury re- 
sulting in less blood replacement and without adversely 
affecting hemodynamic stability or mortality. Blood loss 
can also be reduced by conservatively treating patients 
and grafting after the 16th day after burn and this ap- 
proach reduces the amount of wound excised and grafted, 
but has other previously described disadvantages related 
to pain and extent of morbidity. 
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ifexcision was performed earlier in the postburn course than is currently 
advocated, without increased morbidity and mortality rates. 

The management of burn injuries continues to change, approaching 
closer and closer the most logical end point, which is treatment consistent 
with that of any other trauma case. Absolutely central to the basic thesis 
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and philosophy of trauma care is the removal of necrotic tissue and 
closure of open wounds. Nowhere else in trauma management have we 
accepted a philosophy of applying antibiotic cream to dead tissue and 
waiting for spontaneous separation. This has been, and still is, in many 
centers the standard of burn care. It is only within the last generation 
that excision has become a widely popular and even an accepted modality 
of treatment. 

Only isolated reports have hinted at survival changes for the better, 


predominantly in older patients. It has clearly significantly shortened 


hospital stay. 

The authors of this paper have been at the forefront of the excision 
movement. This study is a landmark because it provides additional pieces 
of information to the story. Their conclusion that excision within the 
first 24 hours of injury causes less blood loss per unit area excised is well 
documented. They have also provided formulas for estimating blood 
loss during excision, which, in this day and age, is particularly useful 


because blood banks are now demanding more and more accurate pre- 
t 


dictions in preoperative assessments of blood needs. 

Second, it is a way of truly calculating the risk before operation and 
discussing this with families. Third, it is a standard to which to compare, 
for those of us with clearly excision-oriénted protocols in our respective 
centers. 

Like all excellent studies, it immediately prompts certain questions, 
which I would like the authors to address. 

First, this is a pediatric group of patients. Previous attempts to excise 
on admission in the adult populations have not been nearly as successful. 
Have you tried this in your adult population of patients as well? 

Second, I noticed in your immediate-excision group that there were 
no inhalation injuries. Was this merely a problem of patient selection, 
or was this done intentionally? 

Third, how labor intensive has the anesthetic management actually 
been? The first 24 hours in any major burn is the most exciting from 
the fluid management and ventilatory management point of view. Having 
to maintain adequate resuscitation and keep up with an excision at the 
same time seems very labor intensive. 

Placing time constraints on the duration of a procedure and excision 
of all burn tissues, regardless of size, seems radical but it makes excellent 
sense and certainly accords with sound trauma philosophy, but I wonder 
how your anesthesiologists have accepted this plan. 

We of the University of South Alabama Burn Center have, by our 
protocols, excised at 24 to 48 hours. The reasons are simple. Resuscitation 
efforts clearly plateau at 24 hours. The patient at that point is usually 
switched to maintenance fluids. The burns clearly fully declare themselves 
in terms of their depth, so excision of only nonviable tissue is usually 
easy to perform. In the manuscript you mentioned your own feeling 
that areas of viable tissue were undoubtedly excised. If you are, because 
of this early approach, excising 20% more in this group, is the absolute 
blood loss more than if you had waited 24 hours and lost more blood 
per square centimeter excision but were able to excise less? 

Also there is no mention in the manuscript of ‘take’ rates, reoperative 
rates, or late cosmetic results. I am curious as to, how this particular 
group compares to the remaining groups. 

And last, based on your current experience, are you advocating im- 
mediate excision for all patients, including those with inhalation injury, 
and what type of learning curve is involved to be able to excise imme- 
diately and forfeit the benefit of waiting for the 24- to 48-hour window 
to open, which most of us use? 


Dr. BASIL A. PRuITT, JR. (San Antonio, Texas): There is an increasing 
body of data indicating that there are important side effects of transfusion. 

A review by Drs. Graves and Cioffi at our Institute has shown that 
the number of transfusions, independent of burn size, increased the risk 
of infection in burn patients. 

Dr. Herndon has confirmed that excision can be safely performed 
during the first 24 hours after burn and that the excision can be carried 
out with lesser volumes of infused blood than when the excision is carried 
out later. 

In light of that, were there fewer infections in your immediate excision 


group? 
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The authors note that the neurohumoral responses to burn injury, 
which are maximal in the first 24 hours after burn, would decrease ex- 
cision-associated blood loss. That rationale is entirely consistent with 
the postburn redistribution of cardiac output to viscera and away from 
the carcass, as documented by others. Those changes, in consort with 
temporal variations in vascular capacitance and microvascular perme- 
ability, may simply mean that the monitored physiologic indices were 
better maintained bw smaller infusion volumes in the immediate postburn 
period as compared to the later postburn period, and that the calculation 
of blood loss was influenced by time after burn. 

The authors have made no direct measurement of blood volume or 
red cell mass and have calculated blood loss on the basis of body weight 
and hematocrit, both of which may change rapidly in the first 24 hours 
after burn. 

Infusion of blood with, as the authors have assumed, an average he- 
matocrit of 30% during the period of increased capillary permeability 
results in disproportionate plasma loss with maintenance of the hemat- 
ocrit as occurred in the group excised in the first 24 hours while infusion 
of the same volume of blood with the same assumed hematocrit during 
the second 24 hours when capillary integrity has been restored would 
lower the hematocrit as, indeed, occurred in the patients excised in the 
second 24 hours, as indicated in Table 2 of the authors’ manuscript. 

Using the authors’ formula, the higher postoperative hematocrit results 
in a lower calculated blood loss than if the lower hematocrit were used, 
which is entirely consistent with the authors’ data. 

It also appears as if the amount of infused asanguineous fluid and 
body weight changzs would influence the calculated blood loss and it 
will be necessary for the authors to assure us that those variables and 
the changes thereof were comparable in the various groups. 

Because the authors state on page 4 of the manuscript that the grafted 
areas were covered with bulky dressings, splints, and ace wraps, it is 
unclear just how postburn weight was determined, and the calculations 
appear to depend on body weight. ; 

It is a particular pleasure to comment upon this paper by Dr. Herndon 
and his colleagues since it confirms the safety of what might be called 
immediate excision of the burn wounds in extensively burned children. 

Several years ago Dr. Norman Levine in our laboratory demonstrated 
that immediate excision and coverage of the burn wounds in an animal 
model significantly increased the survival of a secondary infectious chal- 
jenge as compared to excision and coverage carried out 24 hours after 
intraperitoneal challenge. 

Although Dr. Herndon has not shown an improvement in survival in 
his immediate excision group, the number of patients is small, and I 
have every confidence that his further studies will generate a patient 
group in which the effect of immediate burn wound excision on survival 
can be assessed. 


Dr. EDWIN A. DEITCH (Shreveport, Louisiana): Before commenting 
on the question of whether early excision reduces blood loss, I would 
like to compliment Dr. Herndon on his spectacular survival statistics in 
this high-risk group of patients. To have a series of this many patients 
with burns this big and have an overall mortality rate of just 5% is in- 
credible. However, before I am convinced that blood loss was reduced 
by early excision, I need more information. One reason for my hesitancy 
to accept this conclusion is that the major fluid shifts that occur during 
the early postburn resuscitation period tend to falsely elevate the he- 
mogilobin levels. Thus the changes in hemoglobin documented after ex- 
cision in the patients operated on during the first postburn day may 
underestimate the true magnitude of the changes in circulating red cell 
mass. Seconnd, because fascial excision is associated with less blood loss 
than tangential excision, if the patients operated on immediately after 
burn had more of their burn area excised fascially than patients operated 
on later, this could also account for the difference in blood loss. Could 
you tell us whether the groups were comparable as far the techniques of 
excision and address the confounding factor of fluid shifts? 

These reservations should in no way reduce the accomplishment of 
this study. My own bias, however, is that not every patient with burns 
of 30% to 50% should be immediately and completely excised in one 
stage. My concern is that some tissue will be excised that would otherwise 
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heal. Instead, I favor a policy of frequent staged excisions in which un- 
equivocal full-thickness burns are excised immediately and indetermi- 
nately deep burns are excised only after hey declare themselves. This 
policy is based on my experience that in children, especially the very 
young, it can be exceedingly difficult to distinguish some burns that 
might heal from those that will not this early after burn. Dr. Herndon, 
how do you decide which patients with 30%, 40%, or 50% burns should 


be operated on immediately after burn versus those in whom surgery- 


should be delayed. 

Could you give some information about your operative results. Was 
there any differences in graft take between burns that were excised and 
grafted immediately versus those that were excised and grafted later? 
What was your graft take in these patients? 

Last, could you explain why the hospital stay was not significantly 
shorter in those patients that were completely excised and grafted on 
day | after burn than those patients excised and grafted later in their 
hospital course? J find this surprising. 


Dr. ANDREW M. MUNSTER (Baltimore, Maryland): All of us in the 
burn business stand in awe of Dr. Herndon’s accomplishments and his 
results. But I do want to ask two questions highlighting a few questions 
that were asked before. . 

Dr. Herndon, we do need the electrolyte solution data for this to be 
able to assess the total effect of resuscitation, because it seems possible 
that you are simply resuscitating these children during the operation. 
Also, is there any problem with sodium load later on, 3 or 4 days down 
the line? 

Dr. Luterman noted, and I would also like to emphasize that the 
absence of inhalation injury jumps out at one in the favored group done 
during the first 24 hours. I have just analyzed our last 100 deaths going, 
over the last 6 years, and overwhelmingly, the mortality is associated 
with severe smoke inhalation. The absence of smoke inhalation must 
therefore be considered 4 very favorable sign. 

Finally, I think that much of the success reported by Dr. Herndon 
and his group again and again is linked to an intangible, and I would 
like him to comment on that intangible, and that is the logistics. Clearly 
he has got four or five surgeons on his team doing the excision during 
which time anesthesia does the resuscitating. Therefore anesthesia must 
be closely and constantly linked with the resuscitating process. 

My anesthesiologists won't do that, and therefore this technique must 
necessarily be restricted to groups that have that kind of resource. 


Dr. D. N. HERNDON (Closing discussion): Dr. Luterman asked if we 
had tried near-total excision in adults pointing out that this is a far more 
difficult task than it is in children. We have done this in adults but the 
operative procedures are much longer than in children, taking as long 


as 4 to 6 hours to complete. Blood volume turnovers are much greater, 


resulting in greater blood losses due to dilution of clotting factors. I do 
not suggest that total excision or near-total excision in adults be done 
in one procedure. I still operate on adults in two procedures as opposed 
to one, but within 72 hours of the time of injury staging at 24- to 48- 
hour intervals. 

The point that we had no inhalation-injured patients in the first 24- 
hour excision group brought out by Dr. Luterman and by Dr. Munster 
was purely by chance. We take patients to the operating room as soon 
as they arrive at the institute and perform the bronchoscopy at that time, 
so it was purely by chance that those who were excised within 24 hours 
did not have inhalation injury. 

Dr. Munster and Dr. Luterman stressed the importance of the anes- 
thesiologist in this equation. Nearly all the anesthetics were directed by 
one dedicated anesthesiologist who is Vice Chairman of our Department 
of Anesthesiology at the University of Texas Medical Branch. He is a 
full professor who has been dedicated to resuscitation of burn patients 
and burn anesthesia for more than 25 years. That is an integral and 
critical feature of the success of such excisions because under these cir- 
cumstances morbidity is more dependent on the anesthesiologist than 
on the surgeon. 

We believe that it is easier to resuscitate a patient in the operating 
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room under the observation of an attending surgeon and attending anes- 
thesiologist with great experience than it is to resuscitate them in the 
intensive care unit using interns and residents as extensions of our treat- 
ment team. 

Our original feeling was that the advantages of excision would be the 
same at 48 hours as at 24 hours. The experience from this data whereby 
chance we were able to operate on 15 patients within the first 24 hours 
leads me to believe zhat excision in the first 24 hours may be preferable 
than in the second 24 hours after injury. 

Blood loss in the second 24 hours is still decreased slightly relative to 
later excision times but a much larger number of patients would be 
necessary to validate that observation. 

The statement was made that there was no mention in the manuscript 
of take rates or later cosmetic results and that is an omission that I will 
correct in this discussion. 

The take rates are actually much greater in the early excision groups 
than they are in the later excision because the wounds are clearly un- 
contaminated and the take rates are between 90% and 95% for the first 
excision if done within 48 hours of the time of injury. There is no dif- 
ference between the first, second, and third day in terms of take rates, 
but there is a significant decrease in take rate after the third day as com- 
pared to the first 3 days. 

In terms of late cosmetic results, because we are performing near-total 
excision on all the patients, there is no difference in an ongoing longi- 
tudinal study between these three different times of excision, except pos- 
sibly that by selection, the latest excision group may experience less 
deformity. 

The question was asked whether we advocate early excision in all 
patients, including those with inhalation injury. At this time we do. We 
do not have sufficient data with operation performed on patients within 
24 hours who have inhalation injury to say whether that will be adverse. 
Certainly operating within the second 24 hours on patients with inhalation 
injury has not led to significantly higher morbidity or mortality rates in 
the patients we have studied. i 

I think it is easier to resuscitate patients under observation in the 
operating room and that this resuscitation is done primarily with whole 
blood being replaced cc per cc for loss, maintaining CVP, Swan Ganz 
pressure, and urinary output in ranges that have been described in the 
text. 

Dr. Pruitt has painted out that there are calculation errors possible, 
and indeed they are truly there with the equation that we used. 

I have no argument with his criticism and I agree that direct mea- 
surements of blood volume and red blood cell tagging would be a pref- 
erable way to establ:sh the decrease in infused blood in this patient pop- 
ulation but, as he points out, the exact amount of infused blood in this 
particular patient group, that is those treated within 24 hours of the time 
of injury, was significantly less than the amount of blood transfused in 
patients who maintained their hematocrits plus or minus 5%, so the 
absolute amount of blood infused in the first 24 hours after injury 1s 
significantly different than later periods, no matter which way it is cal- 
culated. 

In terms of crystalloid shifts among the three groups and whether they 
were comparable, there was no statistical difference between crystalloid 
administration among the three different groups. That was not an obfus- 
cating feature. 

Dr. Dietch observes that there is a gray zone in patients between 30% 
and 50% total body surface area burn. Most of our burns, as you know, 
are large, with this group having a mean burn size of 60% + 3%. These 
are, indeed, extrememly large burns that do not fall in the gray area. I 
would have no quitble with a staged excision of smaller burns less than 
40% or 50% total body surface if that is your preference. 

We like to operate on patients early so they may be released from the 
hospital more quickly. There is no increase in morbidity tn relationship 
to the early operation, rather it only inconviences the surgeon and the 
anesthesiologist in that they have to come into the hospital a little sooner, 
but no more would we wait on any other kind of trauma a few days if 
there was no reason to do that in terms of patient safety. We believe 
early and complete operation benefits the patient. 

Dr. Deitch commented that our length of stay of 42 days was exorbitant. 
A length of hospital stay of 42 days for a patient population with burns 
of 60% + 3%, with z major component of the injury third degree, is low. 
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I do not believe anybody in the room has a length of stay that low for 
burns that are this large. When excising a burn over 60% of the total 
surface area, there is insufficient autograft to cover the whole of the 
patients, so subsequent operative procedures are required. 

The majority of these patients were operated on twice, but I think a 
length of stay of 42 days is not something of which to be ashamed. 

Dr. Haynes brings up the important question about the amount of 
tissue excised that might well have survived if the conservative treatment 
technique had been used, and this, indeed, is a valid criticism. In a series 
that we reported last year in which we compared conservatively treated 
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patients in which serial debridements were performed, randomly assigned, 
and compared to massive early excision, the amount of wound that was 
removed was greater than in those patients who were conservatively 
treated. 

There is no question about that, but I think that the morbidity and 
the long-term cosmetic results in our longitudinal study are better, and 
I hope to present those data later with early excision versus serial de- 
bridement and late excision. There are no differences in the amount of 
tissue excised between those patients excised in the first 24 hours and 
those excised between 2 and 16 days. 
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Gastrointestinal Hormone Responses to Meals 
Before and After Gastrıc Bypass and 
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The purpose of the study was to examine the gastrointestinal 
hormone responses to meals in morbidly obese patients before 
and after Roux-en-Y gastric bypass (GBP; n = 9) or vertical 
banded gastroplasty (VBG; n = 7). On consecutive days before 
and after operation, we measured changes in peripheral blood 
levels of glucose, insulin, enteroglucagon, serotonin, vasoactive 
intestinal polypeptide (VIP), and cholecystokinin (CCK) in re- 
sponse to a standardized glucose or protein—fat meal. The per- 
centage of excess weight lost at 6 months after operation was 
66.3% + 4% and 41.8% + 5% for GBP and VBG, respectively 
(p < 0.01). The 3-hour integrated glucose response to a glucose 
meal decreased from 145.3 + 33.7 to 75.8 + 15.7 g min/L (p 
< 0.02) after GBP. This was associated with a decrease in 3- 
hour integrated insulin response from 22.8 + 8.2 to 10.5 + 4.9 
mU min/L. Vertical banded gastroplasty patients had lesser re- 
ductions of hyperglycemia and hyperinsulinemia. Neither the 
CCK, serotonin, nor VIP responses to meals were altered by 
either operation. The 3-hour integrated enteroglucagon response 
to glucose increased markedly in GBP patients after operation 
from 11.8 + 6 to 133.4 + 38 nmol min/mL (p < 0.02). This 
increase in enteroglucagon occurred at the same time as devel- 
opment of dumping symptoms, which occurred exclusively in 
GBP patients after glucose but not protein. We conclude that 


(1) GBP surgery for morbid obesity results in amelioration of 


glucose intolerance and hyperinsulinemia, (2) CCK does not me- 
diate an endocrine satiety effect of surgery, (3) GBP is associated 
with an exaggerated enteroglucagon response to glucose, and (4) 
enteroglucagon appears to be a marker of the dumping syndrome 
in GBP patients. 


ORBID OBESITY MAY be defined as a disease 
in which a patient’s weight exceeds his ideal 
body weight, as calculated from standard 
height and weight tables of the Metropolitan Life Insur- 
ance Company for 1983, by at least 100 pounds.! Obesity 
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adversely affects longevity and raises the risks of acquiring 
coronary heart disease, impaired left ventricular function, 
diabetes mellitus, sleep apnea syndrome, hypercoagula- 
bility, necrotizing panniculitis, cholecystitis, degenerative 
osteoarthritis, gastroesophageal reflux, dysmenorrhea, in- 
fertility, and uterine cancer. It 1s also associated with psy- 
chological and sccial disabilities as well.’ 

In recent years gastric partitioning and gastric bypass 
operations have become relatively common treatments 
for morbid obesity. The increased use of such operations 
in a University hospital setting presents an unusual op- 
portunity for studying not only the influence of obesity 
and weight loss but also the effect of the anatomic alter- 
ations of the gastrointestinal tract circuitry on gastroin- 
testinal hormone responses. For example Santiago et al. 
in 1977 reported that morbid obesity was associated with 
glucose intolerance, and hyperinsulinemia in response to 
carbohydrates. While peripheral insulin resistance is felt 
to be primarily responsible for this phenomenon, Sirinek 
et al.,4 who studied hormone responses before and after 
gastric bypass, demonstrated that gastric inhibitory poly- 
peptide (GIP) may play an intermediary role. Most en- 
docrine producing cells of the gastrointestinal tract release 
their hormone products in response to chemical or me- 
chanical stimuli associated with meals. 

This present study was undertaken to further charac- 
terize the gastrointestinal hormone responses to well-de- 
fined glucose and protein-fat meals not only in the mor- 
bidly obese surgical candidate but also in those patients 
in the postoperative weight loss phase following Roux- 
en-Y gastric bypass (GBP) or vertical banded gastroplasty 
(VBG), a pure gastric partitioning operation. In addition 
we have further elucidated the gastrointestinal hormonal 
profile associated with the ‘dumping syndrome,’ which is 
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commonly experienced by patients after gastric bypass, 
but not following gastric partitioning. 


Materials and Methods 


Patients 


Sixteen morbidly obese subjects, five male and eleven 
female, were studied. Patients undergoing GBP were 38.7 
+ 2.6 years old, with a range of 21 to 58 years. Patients 
undergoing VBG were 43.0 + 4.9 years old, with a range 
of 20 to 57 years. Aside from their morbid obesity, they 
were in good health. No patient had a previous diagnosis 
of diabetes mellitus or were taking insulin. 

This study was approved by the institutional review 
board (Committee on Conduct of Human Research). All 
subjects gave informed written consent before participat- 
ing in this study. 


Study Design 


On the basis of their dietary habits, as determined by 
a registered dietician, patients were selectively assigned to 
one of the two operations, as is the usual practice at this 
medical center.>° ‘Sweets eaters,’ patients whose intake 
of stmple sugars exceeded 15% of total caloric intake, were 
assigned to GBP and ‘nonsweets eaters’ were assigned to 
VBG. On consecutive days, both before operation and 
10.5 + 1 months after operation, subjects ate standardized 
meals designated ‘carbohydrate’ and ‘protein—fat’ after an 
overnight fast. The carbohydrate meal consisted of one 
bottle of ‘glucola’ containing 100 g of glucose and the 
protein—fat meal consisted of pureed veal, which con- 
tained 56.4 g protein, 21.2 g fat, and 1.2 g carbohydrate. 
The two meals were isocaloric (400 calories) and of equal 
volume (300 cc). 

After overnight fasting blood samples were drawn 10 
minutes before the meal and then serially at 5, 15, 30, 45, 
60, 90, 120, 150, and 180 minutes after the meal. Blood 
was collected in iced tubes for determination of the fol- 
lowing substances: glucose, insulin, serotonin, enteroglu- 
cagon, cholecystokinin (CCK), and vasoactive intestinal 
polypeptide (VIP). 

Blood glucose samples were measured in serum within 
2 hours. Samples for enteroglucagon, insulin, CCK, and 
VIP were collected in ethylene-diamine tetraacetate tubes 
containing 0.1 mL aprotinin (Trasylol) per milliliter of 
blood and processed for separation of plasma and frozen 
at —60 C before analysis. Samples for determination of 
serotonin were collected in heparin. A protein-free su- 
pernatant was measured by cell lysis with distilled water, 
followed by Zn(OH), precipitation and centrifugation at 
2000g in a refrigerated centrifuge. Samples were frozen 
at —20 C before analysis. 

At each time period (10 minutes before the meal and 
up to 180 minutes after the meal) the subjects’ blood pres- 


KELLUM AND OTHERS 


Ann. Surg. «June 1990 


sure and pulse were recorded. Subjective complaints of 
faintness, bloating/cramping, nausea, weakness, and ‘need 
to lie down’ were recorded, as were the objective criteria 
of vomiting, diarrhea, flushing, or sweating. These sub- 
jective and objective criteria were taken as evidence of 
dumping syndrome. 


Operations 


These operations have been described previously in 
detail? (Figs. 1 and 2). 


Analytic Methods 


- Glucose was measured by an autoanalyzer. 

Plasma insulin, enteroglucagon, and VIP were mea- 
sured by radioimmunoassay in the laboratory of Dr. T. 
O’Dorisio with previously reported techniques.’~? The 
rabbit antisera to enteroglucagon 1s known to cross-react 
with pancreatic glucagon; however the pancreatic gluca- 
gon response to either meal in normals is negligible;'° 
therefore the immunoassayable plasma compound noted 
in gastric bypass patients is almost certainly enteroglu- 
cagon. This is consistent with the report of Lawaetz et 
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Fic. 1. Gastric bypass: gastric partitioning is accomplished with two 
superimposed staple lines from a point on the lesser curvature 3 cm 
distal to the gastroesophageal junction to the angle of His on the greater 
curvature. A 45 cm retrocolic Roux-Y jejunal loop is anastomosed over 
a 30 French Hearst dilator (resulting in a I-cm diameter stoma) to the 
proximal gastric pouch. (Reprinted from Sugerman et al., Annals of 
Surgery, 1987, with permission from the publisher.) 
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Vertical Banded E 
Gastroplasty 


FIG. 2. Vertical banded gastroplasty: as described by Mason, a 2-cm area 
on the lesser curvature 3 cm distal to the gastroesophageal junction is 
cleared. A through-and-tkrough sealed circular defect is made in the 
stomach as shown using a 28-mm EEA stapler (U.S. Surgical Corporation) 
with a 30 French Hearst dilater held in place along the lesser curvature. 
The proximal gastric pouch is fashioned with two superimposed staple 
lines from the 12:00 position of the defect to the angle of His. A !.5-cm 
wide strip of Marlex mesh is sutured in an overlapping fashion to produce 
a 5cm in circumference collar around the channel connecting the prox- 
imal and distal pouches. (Reprinted from Sugerman et al., Annals of 
Surgery, 1987, with permission from the publisher.) 


al.,'' who demonstrated a marked rise in enteroglucagon 
release in response to a carbohydrate meal using an an- 
tibody that had been preabsorbed against pancreatic glu- 


_ cagon. Cholecystokinin was measured via radioimmu- 


noassay in the laboratory of Dr. P. Rayford.!? 

Serotonin was measured by reversed-phase high pres- 
sure liquid chromatography with electrochemical detec- 
tion in the laboratory of Dr. J. Kellum. This technique 
has been described previously in detail.!? Values are ex- 
pressed in ng/mL of whole blood. 


Statistical Methods 


Results were expressed as the mean + standard error 
of the mean (SEM). Results of the gastrointestinal hor- 
mone assays were expressed as integrated output + SEM 
during the 180-minute study period. Integrated output 
was calculated by the trapezoidal rule. Comparisons were 
made using Student’s t test for paired or unpaired data, 
as was appropriate. Statistical significance was assumed 
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for p < 0.05. All statistical analysis was performed using 
Statistical Analysis for the Sciences PORAI (SAS Institute 
Inc., Cory, NC). 


‘Results 
Dumping Symptoms 


In all GBP patients, ingestion of the glucose meal re- 
sulted in dumping symptoms (bloating, weakness, nausee, 
and tachycardia) that were maximal 30 minutes after the 
meal. There was a significant rise in heart rate in these 
patients from 66.5 + 2.1 beats per minute (bpm) before 
to the meal to 85.8 + 5.3 bpm at 30 minutes postprandhally 
(n = 9; p < 0.C1). No such rise was seen in preoperative 
GBP patients in response to the glucose meal, nor in re- 
sponse to a prctein—fat meal either before or after oper- 
ation. There was no evidence of dumping symptoms in 
patients after either meal in VBG patients before or after 


surgery. 


Weight Loss 


Both GBP and VBG resulted in significant weight loss 
as measured 6 months after operation. Average initial 
weight for the two groups did not differ. Initial weight for 
patients before GBP was 278 + 20 lbs, with a range of 
208 to 418 Ibs. Initial weight for patients before VBG was 
291 + 19 Ibs, with a range of 235 to 367 Ibs. Both groups 
lost a significant portion of their excess weight by 6 
months: 66.3% = 4.0% (p < 0.01; n = 9) for the GBP 
patients and 41.8% + 5.0% (p < 0.01; n = 7) for VBG 
patients. The weight loss for GBP was significantly greater 
(p < 0.01) than for VBG. 


Blood Glucose (Fig. 3) 


Significant glucose intolerance was noted before op- 
eration in both patient groups. After glucose meals in GBP 
patients significant reduction of fasting and postprandial 
glucose levels (p < 0.05 versus preoperative; n = 9) were 
noted after operation. After protein meals in patients who 
received GBP, there was significant lowering of glucose 
levels while fasting and at all times after the meal (p 
< 0.05; n = 9). Lowering of glucose levels in patients after 
VBG was less pronounced. The 3-hour integrated glucose 
response to a glucose meal decreased significantly in GBP 
patients from 145.3 + 33.7 before operation to 75.8 + 15.7 
g min/L after operation (p < 0.02; n = 9). The 3-hour 
integrated glucose response to a glucose meal in VBG 
patients decreased trom 131.4 + 27.8 to 113.5 + 32.7 g 
min/L (not significant). The 3-hour integrated glucose 
output in response to a protein—fat meal in both GBP 
and VBG patients tended to increase from before to after 
operation, although this change was not statistically sig- 
nificant. 
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Insulin (Fig. 4) 


Hyperinsulinemia was demonstrated in both patient 
groups by the response to glucose and protein—fat meals 
before operation. Gastric bypass patients demonstrated 
significantly decreased hyperinsulinemia during fasting 
and in response to a glucose meal from 90 to 180 minutes 
after the meal (p < 0.05; n = 5). In response to a protein— 
fat meal, the insulin levels were numerically lower at all 
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% p<0.05 vs PRE OP 


FIG. 3. Comparison of the 


GBP~PRE OP blood glucose response to a 
glucose meal in morbidly 
VBG— PRE OP obese subjects before and af- 


ter GBP, n = 9, and VBG, n 
“hw. = 7 during the 180 minute 
“maun course of the study. * denotes 
A VBG—POST OP p < 0.05 versus preoperative 
value, 
GBP—POST 
OP 


time periods, although this was not a significant change 
(data not shown). The plasma insulin response to a glucose 
meal in patients who underwent GBP was decreased after 
operation. The 3-hour integrated response decreased from > 
22.8 + 8.2 to 10.5 + 4.9 mU min/mL (p < 0.05; n = 5). 
The 3-hour integrated insulin response to a protein-fat 
meal in GBP patients was 1.9 + 0.3 before operation and 
0.6 + 0.2 mU min/mL after operation (not significant; 
n = 5). 


* p< 0.05 vs PRE OP 


Fic. 4. Comparison of the 
insulin response to a glucose 
meal in morbidly obese sub- 
jects before and after GBP, n 
= 5, during the 180-minute 
course of the study. * denotes 
p < 0.05 versus preoperative 
value. 
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Fic, 5. Comparison of the 
enteroglucagon response to a 
glucose meal in morbidly 
obese subjects before and af- 
ter GBP, n = 6 and VBG, n 
= 4 during the 180-minute . 
time course of the study. * 
denotes p < 0.05 verstis pre- 
operative value. 


PLASMA ENTEROGLUCAGON ( pg/ml) 


There was a small, statistically insignificant decrease in 
the 3-hour integrated release of serum insulin in response 
to both glucose and protein—fat meals in patients who 
underwent VBG. 


Enteroglucagon (Fig. 5) 


The plasma enteroglucagon response to a glucose meal 
both before and after operation is shown for both GBP 


and VBG patients; the figure illustrates the markedly el- _ 


evated levels of peripheral venous enteroglucagon after a 
glucose meal in postoperative GBP patients. These levels 
are significantly greater than preoperative levels from 15 
to 120 minutes after the meal (p < 0.05; n = 6). The 
enteroglucagon response to a glucose meal increased 
slightly in VBG patients, although not significantly and 
not to the extent observed in GBP patients. The 3-hour 
integrated enteroglucagon response in response to a glu- 
cose meal after GBP increased significantly from a pre- 
operative value of 64.5 + 30.1 nmol min/mL to a post- 
operative value of 153.4 + 38.8 nmol min/mL (n = 6; p 
'< 0.02) after operation. Comparing preoperative to post- 
operative responses to glucose in VBG patients, the 3- 
hour integrated enteroglucagon release increased an in- 
cremental 35.6 + 14.0 nmol min/mL (not signficant; 
n = 4), 

In GBP patients the enteroglucagon response to a pro- 
tein—fat meal was more modest than the response to a 
glucose meal (data not shown). In VBG patients the pre- 
and postoperative levels after a protein—fat meal were 
nearly the same. After a protein-fat meal, the GBP pa- 
tients had a 3-hour integrated enteroglucagon release in- 
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TIME (min) 


crease of 26.8 + 15.5 nmol min/mL (not significant; r 
= 5) from before to after operation. From before operatior. 
to after operation, VBG patients had an incremental rise 
in 3-hour integrated enteroglucagon release in response 
to a protein meal of 23.3 + 7.8 nmol min/mL (not sig- 
nificant; n = 4). 


Vasoactive Intestinal Polypeptide (Table 1) 


The VIP response to both meals after both GBP and 
VBG showed a statistically insignificant increase. The 
change in 3-hour integrated VIP release in GBP patients 
after a glucose meal was 1.3 + 11 ng min/mL and after 
a protein-fat meal was 1.2 + 2.4 ng min/mL (not signif- 
icant; n = 4). 

For VBG patients the change in 3-hour integrated VIP 
response to a protein meal was 0.6 + 0.6 ng min/mL and 
to a glucose meal was —4.2 + 3.4 ng min/mL (not sig- 
nificant; n = 4). 


Serotonin (Table 1) 


` 


In GBP patients the 3-hour integrated serotonin (5- 
hydroxytryptamine, 5-HT) response to a protein meal in- 
creased incrementally by 26.0 + 13.0 ng min/mL (not 
significant; n = 71 from before operation to after operation. 
In the same patients 3-hour integrated 5-HT response to 
a glucose meal increased by 9.8 + 47.3 ng min/mL (not 
significant; n = 7). 

In VBG patients the 3-hour integrated 5-HT response 
to a protein meal decreased by 2.1 + 9.8 ng min/mL (not 
significant; n = 6) from before to after operation. Sero- 
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TABLE 1. Comparison of the 3-hour Integrated 5-HT and VIP Response to Meals Before and After GBP and Vertical Banded Gastroplasty (VBG) 


5-HT (ng: min/mL) 


VIP (pg-min/mL) 


Operaticn Preoperative Postoperative Preoperative Postoperative 
GBP (n = 8, NS} (n = 4, NS) 
Carbohydrate meal —0.3 + 1.8 -1.3 3.1 A PA 9.0 + 0.4 
Protein/fat meal 0.9 + 0.6 —2.0 + 0.9 0.3 + 1.6 —0.5 + 0.6 
VBG (n = 7, NS) (n = 6, NS) 
Carbohydrate meal -1.04 1.1 —4.6 + 2.4 —0.3 + 0.4 Led eek 
Protein/fat meal -1.2 + 2.2 —0.8 + 1.5 O.1 + 0.1 0.2 + 0.2 


NS, not significant. 


tonin release increased after a glucose meal by 43.3 + 28.4 
ng min/mL (not significant; n = 6) from before to after 
operation in these same patients. 


Cholecystokinin (Table 2) 


Comparing pre- to postoperative values, the 3-hour in- 
tegrated CCK response to a glucose meal in patients who 
underwent GBP decreased incrementally 3.0 + 3.5 ng 
min/mL (not significant; n = 5). The 3-hour integrated 
CCK response to a protein meal did not change for GBP 
patients. 

For VBG patients the 3-hour integrated CCK response 
to a glucose meal decreased 1.5 + 3.3 ng min/mL (not 
significant; n = 5); the 3-hour integrated CCK release after 
a protein—fat meal decreased 3.3 + 5.6 ng min/mL (not 
significant; n = 5) from before to after operation. 


Discussion 


Subjects in this study lost a significant portion of their 
excess body weight in the period of this study. Weight 
loss was significantly more rapid in the gastric bypass pa- 
tients than in patients who had vertical banded gastro- 
plasty. This finding 1 a consistent with the previous expe- 
rience at this center.” 

Carbohydrate metabolism is one of the major physio- 
logic derangements of morbid obesity.? While glucose in- 
tolerance and hyperinsulinemia were seen after a carbo- 


TABLE 2. Comparison of the 3-hour Integrated CCK Response to 
Meals Before and After GBP and VBG 


CCK. (pg + min/mL) 


Operation Preoperative Postoperative 
GBP (n = 9, NS) 
Carbohydrate meal —0.i £ 0.7 0.2+ 0.1 
Protein/fat meal ~0.2 + 0.2 —0.] 40.3 
VBG (n = 6, NS) 
Carbohydrate meal 0.2 + 0.1 0.1 40.1 
Protein/fat meal 0.4 + 0.2 0.7+0.3 


NS, not significant. 


hydrate meal in most of our patients before operation, 
significant improvement was observed after operation. 
This effect was more pronounced in gastric bypass than 
in vertical banded gastroplasty patients. There are three 
possible explanations for this finding. The first is that by- 
pass of the distal stomach and duodenum may lead to 
decreased absorption of carbohydrates due to reduced 
contact with the mucosa and pancreatic enzymes and due 
to a shortened transit time due to rapid gastric emptying. 
Another possibility is that bypass of the duodenum may 
result in less release of the incretin hormone GIP. Sirinek 
et al.* found that there are elevated fasting GIP levels as 
well as an exaggerated GIP response to a glucose meal in 
obese subjects, which was significantly reduced after gas- 
tric bypass and weight loss. A third likely explanation is 
that reduced caloric intake and weight loss, whether from 
dieting or surgical intervention, are known to ameliorate 
glucose intolerance and hyperinsulinemia.’ Thus the 
more significant. weight loss experienced by the gastric 
bypass patients would be expected to result in greater im- 
provement of hyperglycemia and hyperinsulinemia. 
Cholecystokinin has been referred to as a putative ‘sa- 
tiety hormone’ with the observation of Della-Fera and 
Baile!’ that infusion of CCK octapeptide into the cerebral 
ventricle of fasted sheep resulted in inhibition of feeding 
behavior. Our inability to demonstrate a significant rise 
in CCK responses to either meal after either operation 
does not support a hormonal action of CCK in mediating 
postoperative satiety. While a blunted CCK response to 
a protein—fat meal after gastric bypass can be dismissed 
as being due to the exclusion of the duodenum and prox- 
imal jejunum from the alimentary stream, one might ex- 
pect an increase in the CCK response after VBG if the 
operation’s weight loss effect were partly mediated by re- 
lease of CCK. A better study to exclude CCK as the satiety 
hormone in normals, however, woulc be to compare the 
CCK response to protein~fat meal in age-matched, sex- 
matched normal and obese subjects. Pappas et al., 
studying awake dogs, reported that serum levels of CCK 
required to produce satiety in that specie were never 
achieved physiologically in response to a provocative 
meal. If this finding can be duplicated in humans, it is 
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likely that the central effect of CCK on satiety is a neu- 
ropeptidergic rather than a hormonal effect. 

After operation gastric bypass patients exhibited a 
marked increase of enteroglucagonlike immunoreactivity 
following the carbohydrate meal. This increase was sta- 
tistically greater than seen following a protein meal in the 
same patients or following either meal in vertical banded 
gastroplasty patients. This increase correlated well with 
clinical’ symptoms of the dumping syndrome. Both 
dumping symptoms and enteroglucagon levels peaked 
approximately 30 minutes after a glucose meal..These 
findings correlate with work by other investigators who 
have demonstrated increased enteroglucagon and neu- 
rotensin levels after gastric resection and gastrojejunos- 
tomy in nonobese ulcer patients!’ as well as in gastric 
bypass in patients with dumping syndrome.'”!® Func- 
tionally enteroglucagon has been related to three phe- 
nomena in vivo. The first is suppression of gastric acid 
production. Bataille et al.’? demonstrated what they 
termed an ‘oxyntomodulin’ effect of glucagon-37 or 
bioactive enteroglucagon on rat fundic glands. The second 
is related to control of intestinal adaptation. A patient 
with an enteroglucagon secreting tumor was found to have 
no symptoms of dumping but was noted to have marked 
intestinal mucosal hypertrophy as the only remarkable 
sequela.” Third enteroglucagon has been shown to be 
increased when the distal small intestine is exposed to 
unabsorbed nutrients.'' These observations suggest that 
enteroglucagon mav be a marker for the dumping syn- 
drome, although it is unlikely to be the causative agent 
for the symptoms of dumping syndrome. Accelerated 
gastric emptying and intestinal transit?! put hyperosmolar 
nutrients in contact with the ileum, the site of release of 
enteroglucagon. Although this rapid transit has been 
demonstrated in patients with dumping after gastric re- 
section and gastrojejunostomy for peptic ulceration’! and 
gastric bypass for morbid obesity,'’ previous studies in 
patients after obesity surgery have used a poorly charac- 
terized meal. The present study shows clearly that the 
exaggerated enteroglucagon response is due to glucose and 
not to other micronutrients. 

Other gastrointestinal hormones that have been asso- 
ciated with dumping syndrome were investigated. In some 
reports VIP was increased after operations associated with 
dumping.'*” In the present study the 3-hour integrated 
VIP response to a carbohydrate meal in gastric bypass 
patients (who all had clinical evidence of dumping) tended 
to be increased after operation, although to a statistically 
insignificant degree; however the VIP response to a protein 
meal was nearly as great in patients who did not exhibit 
dumping symptoms. 

Serotonin has previously been postulated to be related 
to dumping because it is a vasoactive amine and because 
patients with carcinoid exhibit symptoms similar to those 
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with dumping.” This study failed to show significant al- 
terations in blood serotonin levels in patients with dump- 
ing. However serotonin undergoes significant first-pass 
metabolism in the liver when released into the portal cir- 
culation from the intestine; therefore a significant intes- 
tinal release can go undetected when sampling is limited 
to peripheral venous blood. 

Thus a paracrine effect of serotonin on intestinal mc- 
tility and secretion notwithstanding, it appears unlikely 
that the amine mediates any part of the dumping syn- 
drome through a classical hormonal mechanism. 

This study demonstrated that gastric operations for 
morbid obesity, and especially gastric bypass, partially 
ameliorate the glucose intolerance and hyperinsulinemia 
associated with this disease. Given that only GBP signif- 
icantly improved the endogenous hyperinsulinemia ob- 
served before operation in this cohort of patients, it may 
be a more effective procedure for patients with insulin- 
dependent diabetes mellitus, as previously suggested by 
Pories et al.” Furthermore the present study also supports 
the concept that GBP is a more effective procedure than 
VBG for the patient addicted before operation to simple 
carbohydrates.° In addition these results may explain, in 
part, the reason that VBG patients can develop maladap- 
tive eating patterns with excessive ingestion of sweets be- 
cause no evidence of dumping occurred in response to 
oral glucose. 

Our findings do not support the concept of CCK as a 
satiety hormone, at least in the context of the satiety ob- 
served in postoperative gastric bypass and vertical banded 
gastroplasty patiznts. Furthermore our VIP and serotonin 
data appear to cast doubt on the role of these compounds 
as circulating mzdiators of the dumping syndrome. 

On the other hand, this study, taken in conjunction 
with the previously reported evidence that postprandial 
peripheral blood levels are elevated in nonobese postgas- 
trectomy ulcer patients with dumping, strongly suggests 
that the gastrointestinal hormone enteroglucagon is a 
marker for the dumping syndrome. 
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Dr. COURTNEY TOWNSEND (Galveston, Texas): These are interesting 
findings and conclusions, and I would like to ask questions about the 
insulin response, the so-called glucagon marker of dumping, and com- 
ment about CCK. 

The insulin response appeared only to affect the second phase of insulin 
release, and I wonder if you could explain that limitation specifically. 

Next, the search for a peptide mediator for the dumping syndrome is 
like the search for the will-o’-the-wisp. The curve that you showed for 
what you call enteroglucagon could be superimposed by the curve for 
neurotensin. Neurotensin has been shown to be released very rapidly 
after a meal in obese patients or after gastric resection. However infusion 
of neurotensin causes none of the symptoms associated with the dumping 
syndrome. Have you infused enteroglucagon and tried to fulfill Koch’s 
postulate? 

The business about the release after operation of this substance, what- 
ever it is, is interesting, particularly because it did not appear to be released 
at all pre-preoperatively in either group of patients. Why is that? 

The conclusion about the satiety or lack of satiety effect of CCK cannot 
be drawn from the data because of a failure to demonstrate release in 
the preoperative patients, l 

However it may.also be the way you analyzed the data. That is, you 
did integrated values over 3 hours, and it looked like in the postoperative 
patients, as a matter of fact, that there was a significant release of CCK. 
in the early 30 to 45 minutes afterwards. Have you analyzed the release 
of CCK at other times other than the 0 to 3 hours? 


Dr. FRANCIS T. THOMAS (Greenville, North Carolina): In 1982 at 
the American Surgical Association, the Greenville group presented their 
first results with the comparison in a prospective, randomized trial of 
gastric partitioning with a gastric bypass operation standardized at our 
institution. 

At that time we reported marked superior results using the Greenville 
Gastric Bypass and suggested, in addition, that this was a consequence 
of the bypass exclusion of the antrum and duodenum. 
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Since that time we have had an additional large group of patients, and 
we have expanded on this hypothesis of the importance of the foregut 
bypass, which may be an important area for consideration this morning. 
Dr. Kellum’s data gives some theoretical credence to the concept that 
bypass of the foregut per se may explain the superior physiologic results 
reported. s 

In 1983 at the Southern Surgical Association, an update of the Green- 
ville results again was presented, and we again hypothesized that bypassing 
of the foregut was the major physiologic abnormality that produces the 
superior results seen with this operation. 

In the paper presented before the American Surgical Association 2 
years ago, our group looked in detail at carbohydrate metabolism in 
these patients using some sophisticated tests of carbohydrate metabolism 
similar to those reported by Drs. Kellum, Sugerman, and others today, 
and again we felt very clearly that the loss of weight was not related to 
restriction of caloric intake but, in fact, was due to physiologic bypass 
of the foregut. 

Recently our group, in more sophisticated studies at our diabetes center, 
have shown rather clearly that this is, indeed, the most plausible hypothesis 
from our data to explain the effectiveness and superiority of this operation. 
There was a striking normalization of glucose and insulin parameters, 
including secretory kinetics, glucose peripheral! disposal, and insulin se- 
cretion in these patients that occurred almost immediately after operation. 
It was independent of either weight loss or regain of weight so long as 
the bypass of the stomach was maintained as the major physiologic ab- 
normality. 

These results may be very significant in that it is known that with 
NIDDM, hyperinsulinemia is a major comorbid factor in the athero- 
sclerosis associated with obesity, and clearly this is the situation that you 
would like to improve with this operation. 

This association of hyperinsulinemia with hypertension, hyperlipid- 
emia, and atherosclerosis has recently been described by Raven and called 
Raven’s syndrome. The existence of this syndrome suggests that, in fact, 
bypass of the foregut might be an operation that should be used in selective 
cases of NIDDM with severe hyperinsulinism and atherosclerosis. We 
feel strongly that the foregut bypass operations are clearly the procedures 
of choice for morbid obesity, especially when the patients have IDDM. 
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I would like to ask Dr. Kellum two questions. Because the IV glucose 
tolerance test is the best way of delineating the so-called incretin or in- 
suloacinar effect on glucose metabolism, have you compared the effects 
of oral and intravenous glucose on gut hormone secretions in these pa- 
tients? 

In view of our recent results demonstrating that the dumping syndrome 
or its effects cannot explain the superior weight loss seen in the operation 
that bypasses the foregut, do you not think that foregut bypass per se 
could be the best explanation for the effectiveness of the gastric bypass 
in weight loss? 


Dr. J. PATRICK O'LEARY (New Orleans, Louisiana): There are two 
questions that immediately come to mind. The patients were selected 
into either the bypass group or into the partition group by a history of 
sweet intake, When the patients were retested, had their tastes changed? 
Specifically, were the patients in the bypass group still heavy imbibers 
of sweets? We have found that we could change the degree of apparent 
insulin resistance in the monocyte if we changed the source of dietary 
calories from fats to sweets in those meals given immediately before 
testing. In other words, in an isocaloric meal, if a larger percentage of 
calories came from carbohydrates, insulin resistance seemed to increase. 
Second, it would appear that in the gastric bypass group, fasting insulin 
levels were lower after operation than they were before the operation. I 
wonder if the same degree of decrease was seen in patients after a gastric 
partition. 


Dr. JAMES C. THOMPSON (Galveston, Texas): It is speculative to say 
anything about enteroglucagon. I am not sure anybody knows what it 
means. Steve Bloom has an assay that putatively looks at it, but nobody 
else in the world has been able to measure enteroglucagon, and all of 
the observations on the physiologic effects of enteroglucagon happen to 
come from three patients who had tumors that produced enteroglucagon. 

The big problem with that is that those tumors are often multipotent 
and secrete a whole pharmacopoeia of peptides, and if you are only 
measuring one of them, you say, “Ah-hah, that is an enteroglucagon 
tumor,” but there are many other things that may have been present 
and it has not been possible to duplicate the manifestations that that 
patient had by infusing massive doses of a mixture that is supposed to 
contain enteroglucagon. 

If you look at the molecule, and I wish I had brought a slide because 
there is a molecule about 2 yards long and enteroglucagon occupies only 
a short segment. 

There is preglucagon. There ts proglucagon. There is a thing called 
entero-oxygntin that supposedly inhibits gastric secretion, and then there 
is glucagon, that is, pancreatic glucagon, our old friend glucagon that 
we all know about, but it is a very small segment. 

Now when you set about to measure enteroglucagon, I am told that 
nobody knows what they are measuring. 

We have worked on this for 1 1 years, and we have 1000 enteroglucagon 
experiments all stuffed into one corner of the lab waiting to find a way 
to measure it, but I wouldn’t say anything out loud about enteroglucagon 
because we don’t know what it is. 

The next problem with this study that I see is to draw any conclusion 
about the satiety effect of cholecystokinin on the basis of what you mea- 
sure. 

We all know that cholecystokinin has multiple functions. One of them 
is to be secreted by CCK cells and go to the pancreatic acid and stimulate 
the release of proteins to go to the gallbladder and stimulate gallbladder 
contraction. 

The matter of satiety has fascinated a lot of people. Eugene Jacobson, 
now the Dean of the School of Medicine at the University of Colorado, 
and Jerome Smith, who is a physiologist who works in the Department 
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of Psychiatry at Columbia, have been studying the satiety effect of CCK 
for 20 years. To my knowledge it has never been demonstrated in humans. 
Its effect seems clearly (when it does work) to be paracrine, and if you 
want to achieve the effects, you can put a catheter into the midbrain of 
a monkey and drip small amounts of CCK and the animal will stop 
eating. 

Jon Isenberg and Mort Grossman took a group of obese people out 
at UCLA about 20 years ago, gave them huge doses of cholecystokinin, 
and they didn’t pash back from the table at all. 

I think that the putative satiety role is probably real, but it has never 
been shown in humans reliably, and when it is shown it seems to occur 
by acting on certain nuclei in the brain, and I don’t believe that we can 
say whether anything is important. 

I am particularly interested in this study because Dr. Rayford measured 
CCK in it and Dr. Rayford is the genius who onginated our cholecys- 
tokinin assay; he 15 the fountain from which all our CCK blessings flow. 


Dr. JOHN KELLUM (Closing discussion): Addressing Dr. Townsend's 
first question, he was perfectly correct that the operation seemed to affect 
the second phase cf insulin release most prominently. We don’t have an 
explanation for that. We are still waiting for our GIP results to retura 
from Dr. Odorisio’s lab. 

In terms of neurotensin, I didn’t say that enteroglucagon was the only 
marker of the dumping syndrome. I am saying that it is one of the 
markers. It is possible that neurotensin is another marker and that pan- 
creatic polypeptide may be a third marker. I don’t know if there is any 
utility of having a marker, but we do have a marker. 

We looked at early CCK response, Dr. Townsend, and I would have 
to say that it is promising, but with the small number of patients that 
we were studying and the variation of their responses, I cannot say. No 
one was more disappointed than we were not to be able to show a sig- 
nificant difference. We do plan to look at normal, nonobese patients’ 
CCK response to the same meal. Dr, Rayford has already agreed to help 
us with that study. 

Dr. Thomas had some very kind remarks. In answer to his questions. 
we have not looked at IV glucose tolerance tests. 

For a long time I, too, have had this kind of secret impression that 
the improvement in gastric bypass is not strictly dumping because many 
of our vertical banded patients have enough willpower that they don’t 
eat sweets either. 

I think there is malabsorption going on, but to an acceptable degree. 

H. William Scott of this Association reported significant malabsorption 
after Billroth II operation 20 years ago, so it should not be a surprise to 
any of us that we se2 it, and I generally divide the jejunum at least 2 feet 
distal to the ligament of Trietz, so it is a proximal gastric bypass but it 
is a midling proximal gastric bypass. 

Dr. O’Leary wanted to know if we controlled the pretest meals. We 
had a hard enough time just getting these people to come into the hospital. 
No, we did not. 

The fasting blood sugar was improved in the gastric bypass patients 
after operation, so zhe overall Gestalt of the patient glucose tolerance 
and or circulating insulin was improved, and whether that was weight 
loss, whether that was metabolic activity related to rapid weight loss, I 
don’t know. 

Dr. Thompson, I promise I won’t say the word ‘enteroglucagon’ for 
at least another 3 months. I would point out that there was an article in 
the New England Jcurnal of Medicine recently in which a group of bu- 
lemic patients was reported. These patients, if you invite them into your 
house for a party, wil go from the top of your refrigerator to the bottom, 
and they will clean it out. They were found to have a blunted CCK 
response to a meal. That is just one piece of data. It was significant at a 
p < 0.05 value. I don’t think we should go out and buy stock based on 
that one finding, but I think we plan to do further work in this area, and 
I think that negative work is just as important as positive work. 
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Between February 1978 and August 1989, forty patients age 80 
years or older underwent cardiac surgery at this institution. Pa- 
tient age varied from 80 to 87 years (mean, 82.4 years). Operative 
indications were angina pectoris or congestive heart failure. 
Twenty-eight patients underwent coronary artery bypass (CAB) 
_alone and 12 underwent valve replacement(s) with or without 
CAB. The operative mortality rate was 10%. Postoperative hos- 
` pitalization averaged 14 days. There were three late cardiac 
-deaths at 13, 36, and 48 months after operation and one late 
noncardiac death. Thirty-two survivors have been followed from 
` 1 to 86 months (mean, 20 months). All experienced sustained 
_ improvement in functional status and minimal late morbidity. 
_ All survivors remained in NYHA class 1 or 2. Cardiac surgical 
“procedures in patients older than 80 years can be performed with 
increased but acceptable mortality and morbidity rates. Most 
patients achieve sustained symptomatic improvement and ex- 
cellent long-term survival. 


N RECENT YEARS it has become apparent that the 

number of persons 80 years of age or older is in- 

creasing in the United States. It has been reported 
that 43% of all Americans will reach the age of 80 years 
and will live, on average, almost 8 more years.! Symp- 
tomatic heart disease is present in approximately 40% of 
all persons age 80 years or older. Many patients with 
symptoms that are refractory to aggressive medical therapy 
may be potential candidates for cardiac surgery. 

During the past several years excellent results have been 
reported in older persons undergoing valve replacement 
or coronary artery bypass (CAB). These encouraging re- 
sults have led to an increasing frequency of operation in 
patients older than 80 years. To determine the efficacy of 
cardiac surgery in the octogenarian population, we re- 
viewed the course of our patients who were 80 years of 
age or older and analyzed their operative morbidity and 
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mortality rates, long-term survival, and functional ca- 
pacity. 


‘Patients and Methods 


Between February 1978 and August 1989, forty patients 
age 80 years or older underwent cardiac surgical proce- 
dures at the Vanderbilt University Medical Center. All 
patient records were reviewed to assess age, sex, diagnosis, 
risk factors, operative procedure, perioperative compli- 
cations, and long-term follow-up. The Canadian Cardio- 
vascular Society:classification was used to grade angina 
pectoris. Each patient was assigned a New York Heart 
Association (NYHA) functional classification. 

Cardiac catheterization was performed in all patients. 
The degree of valve stenosis or insufficiency was quanti- 
tated using standard catheterization techniques. Narrow- 
ing of the left main coronary artery by more than 50% 
and narrowing of the other coronary arteries by more than 
70% was considered sufficiently severe to warrant myo- 
cardial revascularization. 

The operative technique consisted of standard median 
sternotomy and nonpulsatile cardiopulmonary bypass. 
Moderate hypothermia to 25 to 28 C was used. The op- 
erative procedures were performed with standard aortic 
clamping and a’ single dose of hyperkalemic crystalloid 
cardioplegia (4 C) and either continuous or intermittent 
topical myocardial cooling. All CAB grafts were performed 
with autogenous reversed saphenous vein. All valve re- 
placements were performed with bioprostheses. 

Perioperative data included time in intensive care unit, 
total time in hospital after operation, operative mortality 
(death during the initial hospitalization), and complica- 
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tions. Early survival was defined by patient discharge from 
the hospital. All surviving patients were evaluated within 
the month of October 1989 through direct patient contact 
or by information obtained from the patients’ personal 
physicians, or both. The level of physical activity was de- 
termined and graded by the NYHA functional classifi- 
cation. 


Results 


A total of 28 patients underwent CAB alone and 12 
patients underwent valve replacement(s) with or without 
CAB. Of those patients undergoing valve operation, 6 had 
aortic valve replacement plus CAB, 2 had aortic valve 
replacement alone, 2 had mitral valve replacement, | had 
mitral valve replacement and CAB, and | patient under- 
went replacement of the mitral and aortic valves after a 


_ previous aortic and mitral valvuloplasty. Patient age varied 


from 80 to 87 years (mean, 82.4 years). There were 21 
men and 19 women. All patients had severe symptoms 
before operation that were refractory to aggressive medical 
therapy. The indication for operation was angina pectoris 
in 28 patients, congestive heart failure in 7 patients, and 
angina plus congestive heart failure in 5 patients. All pa- 
tients were in NYHA functional class 3 or 4 before op- 
eration. Two patients required insertion of the intraortic 
balloon before operation in an attempt to stabilize their 
conditions. Of those patients with angina pectoris, 17 were 
classified as unstable, and an additional eight patients ex- 
periénced postinfarction angina. Hemodynamically sig- 
nificant coronary artery disease was documented as fol- 
lows: left main and three-vessel coronary artery disease 
was present in 7 patients, left main and two-vessel coro- 
nary artery disease was present in | patient, three-vessel 
disease was present in 20 patients, two-vessel disease was 
present in 5 patients, and one-vessel disease was present 
in 2 patients. In the 35 patients undergoing CAB with or 
without associated procedures, the mean number of distal 
anastomoses was 2.7. 

The operative mortality rate was 10% (4 of 40 patients). 
One patient who underwent aortic valve replacement and 
a two-vessel CAB experienced cardiogenic shock and died 
several hours after operation. Another patient who un- 
derwent CAB had postoperative bleeding and had to be 
returned to the operating room for control of bleeding. 
This patient developed low cardiac output and died of 
cardiogenic shock on postoperative day 1. Two additional 
patients, one of whom underwent aortic valve replacement 
and one of whom underwent CAB, died 2 weeks after 
operation from multiple neurologic insults and multiorgan 
system failure. 

The 36 patients who survived operation experienced 
several perioperative complications. Two patients required 
insertion of a permanent transvenous pacemaker. One 
patient in chronic atrial fibrillation had an unacceptably 
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slow ventricular response rate after operation. An addi- 
tional patient with preoperative third degree atrioventri2- 
ular block required insertion of an atrioventricular se- 
quential pacemaker. Four patients developed the new on- 
set of atrial fibrillation, but in all cases normal sinus 
rhythm was restored with appropriate medical therap‘z.. 
Two patients experienced a superficial wound infection 
from their saphenous vein harvest sites, but no patient 
developed a sternal wound infection or dehiscence. Two 
patients developed a temporary neurologic deficit thet 
cleared completely by the time of discharge. 

The 36 hospital survivors stayed a mean of 4.6 days in 
the intensive care unit (range, 2 to 21 days). Their post- 
operative convalescent time after leaving the intensive car2 
unit was a mean of 10 days (range, 3 to 23 days). 

A total of three late cardiac-related deaths occurred after 
operation. One patient who had undergone a three-vessel 
CAB experienced mild angina and dyspnea on exertion 
late after operation, and this patient died 13 months afte: 
operation, protably due to an acute myocardial infarction. 
One patient who had undergone aortic valve replacemen: 
and a two-vessel CAB suffered severe late postoperative - 
depression and died 3 years after operation of multisystem. 
organ failure. One patient who had undergone a single. 
vessel CAB did extremely well after operation but died at ` 
48 months, prcbably due to an acute myocardial infarc- 
tion. There was one additional late noncardiac death. This 
patient had undergone mitral valve replacement and had ` 
no cardiac symptoms, but she died of widespread met- 


-astatic breast carcinoma 10 months after operation. 


No patients were lost to follow-up. The 32 long-term 
survivors have been followed an average of 20 months 
(range, 1 to 86 months). All of the long-term survivors 
are reasonably éctive consistent with their overall general 
health. From a cardiovascular standpoint all are in NYHA 
functional class | or 2. All survivors are improved com- 
pared to their preoperative status. 


Discussion 


The major cause of death and disability among elderly 
persons is cardiovascular disease. By the age of 80 years, 
20% of all men and women have an established clinical 
diagnosis of coronary artery disease. It is responsible for 
more than two thirds of all cardiac deaths in the elderly. 
Coronary artery disease is usually more severe in elderly 
patients. Severe unstable angina and acute myocardial 
infarction are often the presenting symptoms. The inci- 
dence of multivessel disease is greater and there is an in- 
creased likelihood of complications. Atypical clinical pre- 
sentations are more common in the elderly than in youn- 
ger patients.” 

In recent years there has been some diminution in the 
age-adjusted cardiac mortality rate. The exact factors that 
have led to this change are unknown but are probably 
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related to a decreasing risk for coronary artery disease and 
a decreasing incidence of rheumatic heart disease. How- 
ever there is an increasing proportion of elderly patients 
in the general population. This demographic change far 
outweighs the decrease in the age-adjusted mortality rate.” 
The prevalence of senile calcific aortic stenosis is increas- 
ing as the percentage of elderly persons in the general 
population increases. This has resulted in more elderly 
patients with symptomatic aortic stenosis, despite the re- 
duction in the incidence of rheumatic fever.? Therefore 
cardiac disease will probably continue to be the dominant 
cause of death in the elderly in the future. 

In recent years an increasing number of nonoperative 
treatment options for various heart conditions have been 
developed. These have included balloon valvuloplasty, 
coronary angioplasty, and thrombolysis. The increasing 
use of these modalities may result in a large number of 
severely ill, symptomatic elderly patients presenting for 
_possible surgical intervention after having failed one or 
more of the alternative nonsurgical methods.* Thus sur- 
geons may be called on to consider performing complex 
cardiac surgical procedures in older, sicker patients. 

There are more operative risks in older patients for 
several reasons. These include limited cardiac reserve sec- 
ondary to cardiovascular disease and to the effects of aging, 
an increased frequency of urgent or emergency proce- 
dures, and the postoperative failure of noncardiac organs. 
Additional risk factors include associated peripheral and 
cerebral vascular disease and left main coronary artery 
stenosis.“ 

Previous studies have documented that advanced age 
is an independent predictor of operative mortality.” Older 
patients have a greater incidence of multiple chronic non- 
cardiac medical illnesses.® Also there is a higher incidence 
of cardiovascular compromise due to hypertension, dia- 
betes mellitus, and peripheral and cerebral vascular dis- 
ease. 

The appropriate selection of elderly patients for cardiac 
operative procedures is very important. It is well known 
that chronologic and physiologic age may be disparate. 
Physiologic age is difficult if not impossible to assess. In 
the absence of definitive studies, patient selection must 
be based on available data and clinical judgment. The 
indications for operation are the same as they are in 


younger patients.’ In the current series, patients were op- ` 


erated on for angina pectoris refractory to medical treat- 
. ment, significant left main coronary artery stenosis, or 
congestive heart failure due to valvular stenosis or insuf- 
ficiency. Patients were excluded if they exhibited severe 
noncardiac illness, intractable heart failure that was 
thought not likely to be improved by operation, or sub- 
stantial mental impairment that was not thought to be 
due to cardiac decompensation. 

Before operation patients are stabilized, if possible, with 
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aggressive medical management. This may include the 
use of intravenous nitroglycerin or heparin infusion, ino- 
tropic support as necessary, mechanical ventilation, and, 
in some instances, insertion of the intra-aortic balloon 
pump. The operative procedure must be carried out in a 
well-planned, expeditious but unhurried manner. All ma- 


jor coronary artery systems with significant stenoses 


should be revascularized if possible, but an excessive 
number of grafts should not be performed. The achieve- 
ment of adequate hemostasis in the operating room 1s 
extremely important to help stabilize the postoperative 
condition of these patients who are often critically ill. Only 
one of our patients had to be returned to the operating 
room for postoperative bleeding. This is in contrast to 
other studies that have noted a much higher incidence of 
postoperative bleeding.’ 

Postoperative management of elderly cardiac surgery 
patients presents many complex challenges to the surgical 
team. There is a relatively high incidence of arrhythmias.® 
Prompt control of arrhythmias is necessary in an attempt 
to avoid low cardiac output and systemic embolization. 
Extubation musti be performed cautiously only after as- 
suring an adequate level of consciousness, sufficient 
strength to cough and ventilate spontaneously, and ade- 
quate hemodynamic performance. This can be accom- 
plished with repeated patient evaluations during a period 
of progressive but cautious weaning of the ventilator. 
Renal reserve is generally limited in the elderly, so neph- 
rotoxic agents must be avoided or used with great caution. 
A program of careful nutritional repletion and progressive 
exercise and ambulation should be undertaken. Early 
postoperative confusion and combativeness Js ameliorated 
by frequent contact and discussion between the patient, 
health care team, and family members. 

The overall good long-term survival and excellent 
symptomatic status of our patients is extremely encour- 
aging. These results are corroborated by the findings of 
Horneffer et al.,’ who studied a group of patients age 70 
years and older who underwent CAB. In that study pa- 
tients over 70 years who underwent successful coronary 
bypass grafting had a relative probability of survival that 
was greater than their age-, race-, and sex-matched coun- 
terparts in the general population. The level of postop- 
erative rehabilitation was similar to that achieved by 


- younger patients. Most patients reported substantial im- 


provement in activity level after CAB grafting. 

In the present series all CAB grafts were performed with 
saphenous vein. A recent study by Gardner et al.!° indi- 
cates that grafting with the left internal mammary artery 
appears to be an independent predictor of improved early 
and late survival in patients age 70 years or older. These 
data deserve further study and verification. 

The choice of a valve substitute in elderly patients re- 


mains controversial. Structural deterioration of a bio- 
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prosthetic valve is uncommon in patients age 70 years or 
older, even up to 10 to 12 years after operation.'' Borkon 
et al.'* analyzed patients 70 years or older who underwent 
isolated aortic valve replacement. At an average follow- 
up of 4.3 years, no patient required reoperation or ex- 
perienced structural valve failure. Recipients of bio- 
prosthetic valves experienced fewer valve-related compli- 
cations than patients receiving mechanical valves. In an- 
other study of patients older than 80 years who underwent 
aortic valve replacement there was excellent long-term 
function of the bioprosthetic valve with very little evidence 
of late structural deterioration. !° 

In contrast, Antunes'* has documented excellent func- 
tion of mechanical prostheses in elderly patients. He noted 
a similar incidence of thromboembolic and hemorrhagic 
episodes in the elderly and in younger patients. These 
data did not confirm the supposition that thromboembolic 
and hemorrhagic complications are accompanied by 
higher morbidity and mortality rates in elderly patients. 

In this series overall satisfactory results have been 
achieved in patients undergoing single or combined pro- 
cedures. There has been a low operative mortality rate 
and a low incidence of late postoperative deaths. Other 
reports*!? have noted a considerably higher risk of peri- 
operative mortality and morbidity in patients undergoing 
combined cardiac procedures. One report? suggested a 
more conservative posture in patients who require a com- 
bined procedure. 

Patients age 80 years or older who present with severe 
cardiac symptoms refractory to medical therapy should 
be considered potential candidates for operative interven- 
tion. The advanced extent of their cardiovascular pa- 
thology and the high likelihood of associated disease states 
will inevitably result in a higher incidence of operative 
death and complications compared to younger patients. 


DISCUSSION 


DR. FRED ALLEN CRAWFORD, JR. (Charleston, South Carolina); Our 
experience at the Medical University of South Carolina over a similar 
interval mirrors almost exactly the experience from Vanderbilt. 

In the period 1980 through November 1989, a little more than 3000 
adult patients have undergone coronary bypass and/or valve replacement 
at our institution. Thirty-four, or about 1%, were older than 80 years. 

As you see, we were unable ta demonstrate a significant difference in 
raw operative mortality for the group as a whole or for the subsets of 
valve replacement or coronary bypass, although there is a trend of higher 
risk in elderly patients. 

This slide is more complex, but the bars represent the number of 
patients operated on at cur institution each year for valve replacement 
and/or coronary bypass, and the solid line represents the percentage of 
the overall group older than 65 years, 70 years, 75 years, and 80 years, 
and what this shows simply is that an increasing percentage of our pop- 
ulation of patients who are having valve cr coronary bypass surgery are 
in this elderly group. 

I have three questions for Dr. Merrill, First, is it true that the operative 
risk is not much higher in the elderly patient or are we just being more 
selective in the patients on whom we operate? 
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But despite these limitations, quite satisfactory patient 
survival and long-term rehabilitation can be achieved. 
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If the latter is true, how do your selection criteria differ in this group? 
Second, does this low risk hold up the patient who needs reoperation? 
And finally, in this population, do you routinely use the internal 
mammary artery foz revascularization, and what is your valve of choice? 


DR. TIMOTHY J. GARDNER (Baltimore, Maryland): The increasingly 
older age of patients who are referred for cardiac surgery is a fact of the 
present day. Operating on elderly patients, even those in their 80s, does 
not represent misguided clinical enthusiasm. It is an appropriate response 
to the increasingly elderly portion of our population. 

In our own practice the mean age of patients having bypass grafting 
has risen from 54 years in 1978 to 63 years in 1989. Furthermore, the 
median age of our adult patients now is 68 years. 

Our clinical data also reflect the experience in Nashville and to some 
extent the Charleston experience. From 1982 to 1988, we operated on 
9] patients who were 80 years and older. Forty-seven patients in this age 
range had bypass grafting only, with 4% mortality. Twenty-three patients 
had bypass grafting and valve replacement with a 21% mortality rate. 
For valve replacement only, there were 20 patients and a 10% mortality 
rate. We had one patient with an acute dissection and one acute VSD. 
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The VSD patient died. Of these 91 patients, there was an 11% mortality 
rate. 

The late follow-up of the bypass patients that is available to us shows 
3 late deaths at ii, 13, and 56 months after operation. This relatively 
low late mortality occurrence, when converted to actuarial survival anal- 
ysis, emphasizes the excellent short and midterm outcome of these pa- 
tients compared to age- and sex-matched indi viduals from the general 
population. 

When 2 years ago we examined the late outcome of all our patients 
who were 70 years or older when they underwent bypass grafting, we 
demonstrated significantly better survival than that predicted by current 
United States population life tables. This enhanced survival is especially 
impressive in light of the advanced stages of coronary and valvular heart 
disease in which these patients present. These are not elective patients. 
There is a selection bias both on the part of the cardiologist and the 
surgeon, and we don’t offer elective bypass grafting in general because 
of stable angina syndromes in these patients. 

The improved late survival rate is the good news. The bad news is 
that these elderly patients generally have surgical mortality rates that are 
two or three times higher than that for the usual younger patients, a fact 
that is borne out by several series that are available in the literature. 

In addition, elderly patients require significantly longer postoperative 
hospitalizations. Current HCFA. policy such as that which ties hospital 
reimbursement to DRG formulas and which were based on younger 
Medicare patient groups, as well as HCFA’s public disclosure policy, 
which gives journalists and others access to raw and uninterpreted out- 
come data for Medicare patients, may act as disincentives against an 
appropriately aggressive approach to these elderly patients. For these 
reasons, reports such as the present one that analyze surgical risk as a 
function of agé are very important. 

I have two questions for Dr. Merrill. One relates to the appropriate 
use of the mammary artery graft. Many have found'that the mammary 
artery is, in fact, a better conduit in the elderly patient, especially in 
elderly women who may have poor-quality saphenous veins. In addition, 
improved survival in patients with mammary grafts compared to those 
who have vein grafts only becomes demonstrable as early as 4 years after 
surgery. When do you use a mammary graft for an elderly patient? 

Second, because the elderly patient frequently has advanced athero- 
sclerosis resulting in chronic renal insufficiency or cerebrovascular disease, 
is your management of these patients while on cardiopulmonary bypass 
any different from your management of younger patients? 


Dr. JOHN A. WALDHAUSEN (Hershey, Pennsylvania): As the authors 
note, more than 40% of the United States population will reach the age 
of 80 years and live for another 8 years. Forty per cent of these octoge- 
narians will have symptomatic heart disease. Thus we have a major 
problem. There is no question that these patients are sicker and require 
longer hospitalization. They are frail-and prone to develop complications 
not only of the heart but of other organs. Yet palliation to provide a 
more enjoyable life is important. 

‘ Patient selection thus becomes of paramount importance to identify 
those who will tolerate the operation. 

Do you have any parameters that will help us identify those patients 
who will tolerate the operation better, or do you go by the observation 
that they look younger? 

My second question relates to the vein grafts. Because vein grafts have 
shown deterioration after 5 years, would you now recommend the use 
of the internal mammary artery? 

And when do you recommend the use of a bioprosthesis rather than 
a mechanical valve prosthesis? 


Dr. MICHAEL DEBAKEY (Houston, Texas): This ts a very important 
paper, and I am interested primarily in emphasizing its significance from 
the standpoint of the future of surgery in this field. I am reasonably 
certain that there will be restrictions on the expansion of this field of 
surgery. There is no question that our population is increasing. More 
and more people in this age category will require cardiovascular surgery. 

Part of the problem also is associated with the fact that frequently 
these people also have cardiovascular disturbances. I would like to hear 
further discussion of this in the concluding remarks. In many ways ath- 
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erosclerosis is a product of time, and as you grow older, the chance of 
having more widespread atherosclerotic disease increases. Many of these 
patients not only have coronary artery or valvular heart disease, but they 
also may have associated aneurysmal as well as acclusive disease, par- 
ticularly of some of the critical arteries, such as the renal or carotid 
arteries. These conditions are severe enough to require surgical correction. 

If a patient comes in with angina, relatively severe coronary artery 
disease, and an associated aneurysm of the abdominal aorta that is 6 cm 
or more in diameter, possibly even associated with pain in the back or 
symptoms suggestive of expansion, with clear evidence of severe disease 
in the carotid arteries, and perhaps with severe hypertension, the physician 
must decide which of these conditions takes priority, and second, whether 
during the operation there is a need to combine the operative procedures. 

I speak from experience and can illustrate this problem by one of my 
patients who had sevére carotid disease and who had a previous stroke 


-from complete occlusion of one of the interna! carotid arteries that re- 


solved without treatment. The neurologic deficit disappeared, but when 
I saw him, he had severe stenosis in the ipsilateral carotid artery, as well 
as severe coronary disease, and a large aneurysm of the abdominal aorta. 
In fact, the abdominal aortic aneurysm is what caused the patient to 
consult a physician. In that particular case, I thought all these conditions 
deserved equal priority, and I was able to operate on all of them suc- 
cessfully in one stage, but I certainly would not recommend this for all 
patients in this age category. Obviously, age will increase the risk, but 
the fact that the operative mortality rate reported by these authors and 
confirmed by us as well as by a number of other medical centers, can 
be kept in the neighborhood of 5% to 10%, and the fact that these patients 
can resume a reasonably normal life after operation make surgical treat- 
ment desirable in certain patients. Whether that life is prolonged | year 
or 5 to 10 years, it is,a better quality of life. In the final analysis that is 
part of the objective of surgical treatment. 

Dr. WALTER H. MERRILL (Closing discussion): I would certainly 
mirror what Dr. DeBakey has just said: that the aim ofall this is to make 


_a better quality of life for patients, regardless of the extent of life that 


may be left for thesejelderly patients. 

I will try to examine the various questions that have been proposed. 

With regard to the selection of patients for operation, I think it is very 
difficult to do given our current state of knowledge. There is no question 
that we need ways to better define physiologic as compared to chronologic 
age, but thus far that goal has been elusive. However patients are excluded 
if they have end-stage cardiac failure that is not thought to be amenable 
to cardiac surgical intervention, if they have significant neurologic dys- 
function that is not thought to be secondary to cardiac decompensation, 
or if they exhibit liver or renal dysfunction that is not thought to be due 
to the primary cardiac problem. Obviously I can answer more precisely 
how we exclude a patient than I can say which ones we select for operation. 

With regard to reoperation, we have minimal experience with that. 
One of the patients in the series had a previous op2ration for valvuloplasty 
of the aortic and mitral valves and then came back for aortic and mitral 
valve replacement, but we have minimal experience with reoperations 
in this group. 

There has also been a question of use of the internal mammary artery. 
As indicated, all these patients had coronary. bypass grafts, using the sa- 
phenous vein. Recent reports of excellent results using the mammary 
artery in elderly patients deserve further study and further consideration. 

We have used a bioprosthesis in all of these patients because we have 
been concerned about the possibility of long-term complications of an- 
ticoagulation. However, there is an increasing body of evidence that has 
stated that perhaps the use of anticoagulation in elderly patients is not 
as dangerous as was once considered and comparable, if not better, results 
may be obtained by using mechanical prostheses rather than bioprostheses 
in the elderly. 

The final question concerned our management of the patient on car- 
diopulmonary bypass. I would not wish to speak for the other authors, 
but as for myself, Itry to handle the bypass in the very same way that I 
would for every other patient. I emphasize the importance of very careful 
placement of the aortic cannula to avoid areas that are obviously ath- 
erosclerotic, and I think that clamping of the aorta must be done with 
the utmost care. I also try to maintain usual good flow with moderate 
hypothermia. 
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The objective of this study was to define the patterns of myo- 
electric activity that occur throughout the gastrointestinal tract 
during normal recovery from laparotomy. Electrodes were placed 
on the stomach, jejunum, and transverse colon of 44 patients 
undergoing laparotomy. Basal electric rhythms in all areas 
showed no changes in frequency after operation (up to 1 month). 
Gastric spike wave activity showed a gradient of increasing ac- 
tivity from fundus to antrum. Antral spike activity was unchanged 
during the study. Jejunal spike activity was present in the earliest 
recordings and eccurred in 45.9% + 3.5% to 59.9% + 5.5% of 
slow waves. Recovery of normal colon discrete and continuous 
electric response activity occurred on postoperative day 5.9 + 1.5. 
Bowel sounds returned on day 2.4 + 0.5 and passage of flatus 
and stool occurred on day 5.1 + 0.2. The myoelectric parameters 
measured are not absolutely predictive of uneventful recovery 
from postoperative ileus but they are, as a group, more infor- 
mative than any currently available clinical criteria. 


OSTOPERATIVE ILEUS IS a poorly understood 
transient phenomenon occurring almost uni- 
formly after all abdominal laparotomies. Clini- 
cally it 1s characterized by abdominal distention, loss of 
peristaltic bowel sounds, and lack of passage of flatus or 
stools. Symptoms of distention, vomiting, and cramping 
pain may be experienced by the patient during its onset 


and reversal. Postoperative ileus remains an area in which — 


improved treatment could result in a further decrease in 
hospitalization after laparotomy. Unfortunately the 
physiologic controlling mechanisms of this process are 
incompletely understood. 

Despite the magnitude and frequency of the problem 
of postoperative ileus, only a few investigators have done 
studies involving measurement of human recovery from 
postoperative ileus using physiologic parameters. Early 
studies of postoperative motility using radiologic param- 
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eters showed differences in recovery of postoperative mo- 
tility between various segments of the gastrointestinal 
tract.'? Other investigators>* attempted to correlate the 
presence and type of bowel sounds to postoperative re- 
covery of motility. They showed bowel sound activity very 
early after operation, which does not correlate with clinical 
recovery. 

The gastrointestinal tract’s smooth muscle produces 
patterns of coordinated electric activity that represent the 
summarized depolarizations and repolarizations of the 
mass of smooth muscle cells functioning jointly. Record- 
ing electrodes placed on or within the bowel wall can re- 
cord such activity. Electric activity of two types is present: 
slow wave and spike wave activity. 

In each alimentary tract organ there is a ‘slow wave’ 
pattern of slowly conducted (normally aborally) waves of 
electric activity that serve as a pacemaker rhythm or basal 
electrical rhythm (BER). In the human stomach, for in- 
stance, a pattern of three slow waves per minute is typical. 
In the colon, where slow patterns are more varied in fre- 


quency and slightly more complicated, the term ‘electrical 


control activity’ (ECA) has been used to describe the co- 
lonic slow wave pattern.’ Slow waves were originally 
thought to be conducted along the longitudinal layer of 
smooth muscle in the intestinal wall, but more recent 
evidence suggests that the submucosa/circular muscle in- 
terface may be the site of conduction.® 

The second type of electric activity recorded from gas- 
trointestinal smooth muscle is spike wave activity. Spike 
waves are believed to represent the summarized activity 
of a group of cells in the circular smooth muscle layer 
depolarizing and contracting in unison. The recorded 
spike wave activity of smooth muscle in the gastrointes- 
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tinal tract may be analogous to the action potential re- 
corded from a single excitatory cell such as a neuron. 
Spike wave activity must be present for peristaltic gas- 
trointestinal contractions to occur, but the spike wave 
activity can only occur in relation to the appropriate seg- 
ment of the slow wave. Not all slow waves have associated 
spike waves, but greater spike wave activity in general 
indicates more peristaltic activity. 

During the fasted state the gut remains relatively quies- 
cent in terms of spike activity. However at widely spaced 
intervals (about 1 hour apart in human stomach and in- 
testine) a slowly conducted wave of strong peristaltic ac- 
tivity, recorded as a large number of spike waves associated 
with every slow wave present for a period of several min- 
utes, 1s observed. This 1s called the migrating motor com- 
plex.’ Fasting intestinal myoelectric activity. occurs in 
several stages or phases in relation to the migrating motor 
complex (MMC). A period of near-complete absence of 
spike wave activity (phase I) is followed by a longer period 
of intermittent spike wave activity (phase H) leading to 
the relatively short MMC (phase III) followed by a short 
period of decreasing spike wave frequency (phase IV). 
Eating disrupts this fasting pattern and a generalized pat- 
tern of increased spike wave activity, a vigorous phase I- 
like pattern with frequent but not constant spike waves, 
occurs. These myoelectric patterns are believed to rep- 


~ resent corresponding changes in the contractile peristaltic 


patterns of the bowel and its response to digestive 
stimuli.®? 

Studies of gastrointestinal tract motility using the pa- 
rameter of myoelectric activity have shown that the use 
of seromuscular recording electrodes produces the most 
artifact-free and interpretable recordings. This technique 
has been used to record myoelectric activity during or 
after surgery for the stomach,!°!? small intestine, !*!* and 
colon.'> However these studies were generally done on 
isolated areas of the gut and addressed only the type of 
BER present. Aldrete’s group!®!” more recently has con- 
firmed that gastric slow wave activity is unchanged in the 
postoperative state following gastric surgery with or with- 
out vagotomy. 

In 1976 Dauchel et al.'® described the myoelectric ac- 
tivity of the gut for 7 days after cholecystectomy in a group 
of 13 patients. They observed increased spike wave activity 
in the small bowel immediately after operation. Sarna!’ 
subsequently has described the BER of the colon, or ECA, 
as well as colon spike wave activity, or electric response 
activity (ERA), in the postoperative state. Condon”? has 
recently studied human colonic activity in the immediate 
postoperative period and attributed postoperative ileus to 
a lack of colonic function. 

The purpose of this study was to describe the postop- 
erative myoelectric activity patterns present in stomach, 
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small intestine, and colon for a large group of patients for 
a period of 1 month after operation. It is hoped that these 
data will further define recovery of motility for the gas- 
trointestinal tract during ‘normal’ transient postoperative 
ileus. We also hypothesized that traditionally used clinical 
parameters of examining the patient for bowel sounds 
and noting the passage of flatus and stool may not correlate 
well with the actual temporal recovery of myoelectric ac- 
tivity. 


~ 


Materials and Methods 


Forty-four patients undergoing major abdominal sur- 
gery were included in this study. None of the procedures 
included vagotomy. Patients were chosen at random and 
studied prospectively. For the purpose of this study, post- 
operative ileus was considered to be the clinical manifes- 
tations of hypomotility that were experienced by patients. 
At times these included symptoms of nausea, bloating, 
and cramps, all of which resolved by postoperative day 7 
or earlier. Resolution of postoperative ileus was charac- 
terized clinically by the passage of flatus or stool. Patients 
who continued to experience problems of ileus past post- 
operative day 7 were'considered to have prolonged post- 
operative ileus and were removed from this study. In- 
formed voluntary consent was obtained from each patient 
under the guidelines of the University of Virginia Human 
Investigation Committee. 

At the end of their surgical procedures all patients un- 
derwent placement of, 28-gauge stainless steel bipolar re- 
cording electrodes (cardiac pacing wires, A and E Medical 
Corp., Farmingdale, NJ). These were partially imbedded 
into the seromuscular layer of the gastrointestinal tract at 
various selected locations (Fig. 1). Locations included the 
fundus (n = 20), body. (n = 29), and antrum (n = 17) of 
the stomach as well as the jejunum (n = 44) approximately 
15 cm distal to the ligament of Treitz and the mid-trans- 
verse colon (n = 14). Wires were brought cut percuta- 
neously through the anterior abdominal wall and placed 
under a sterile dressing until needed for study. 

Whenever possible patients were studied within the first 
12 to 24 hours after surgery, then daily until postoperative: 


~ day 4 or 5 and then every other day until discharge. In 


some instances, at the patient’s request or for medical 
reasons, recording sessions were not performed on all 
prescheduled days. Recordings were also obtained from 
most patients at approximately 1 month after operation. 
These later recordings were believed to approximate as 
well as possible the patient’s unoperated state because 
clinical recovery of gastrointestinal function had long since 
occurred. Recording wires were removed by gentle trac- 
tion after the last recording session. 

Most patients had nasogastric suction for the first 24 
to 48 hours, at which time the tube was removed. All 
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Fic. 1. Placement of seromuscular myoelectric recording wires in pairs 
to serve as bipolar electrodes along the gastrointestinal tract. G, gastric, 
J, jejunal, C, colonic. 


patients were fasted for at least 8 hours before each re- 
cording session. Recordings were performed in continuous 
90-to-120~minute sessions while patients lay quietly on 
a stretcher or bed. Data were recorded using either a Sen- 
sormedics R611 8-channel dynograph recorder or a Hew- 
lett Packard Model 7758B Stripchart Recorder with 8811- 
A bioelectric amplifiers and a 3960 instrumentation re- 
corder (Palo Alto, CA). 

All patients were examined daily by the same physician 
at the recording session. The patient’s abdominal exam 
and the presence or absence of bowel sounds were noted. 
Patients were questioned regarding passage of flatus and 
the patient’s nursing were records checked for record of 
bowel movements and vomiting. Records were also made 
of each patient’s subjective feeling of nausea, bloating, 
and cramps. 

Data were analyzed for slow wave frequency (BER), 
presence of spike activity, percentage of slow waves with 
spike activity, presence of MMCs, and colonic discrete 
and continuous electric response activity (DERA and 
CERA, respectively). Data analysis was done by hand and 
with the aid of a Dell Model 200 personal computer (Dell 
Computer Corp., Austin, TX) and a modified ASYST 
software package (ASYST Co., Rochester, NY). Data are 
expressed as mean + standard error of the mean. 
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Results 
Slow Waves 


Siow waves or BER were noted on all the initial post- 
operative recordings from each gastrointestinal area. Gas- 
tric BER was usually present and discernible in the fundus, 


occurring in 87% to 94% of recordings. All recordings . 


from the gastric body and antrum had distinct BER pat- 
terns at all times after operation. This cyclic activity was 
very organized and constant at approximately three cycles 
per minute on the initial tracings and subsequent ones 
through the l-month recordings. There was no difference 
in frequency of the BER between the three gastric areas 
at any time and there was little change in overall frequency 
on a day-to-day basis (Table 1). Signals were diminished 
in amplitude in the area of the fundus compared to the 
body and were greatest in amplitude in the antrum 
(Fig. 2). 

Jejunal BEF. was also present in an organized regular 
manner on all initial postoperative recordings. The BER 
was approximately 11 cycles per minute (cpm) on the first 
tracings and continued without change to the 1-month 
tracings (Table 2, Fig. 3). 

The colon presented the most complex slow wave pat- 
tern. Three distinct slow wave frequencies were observed: 
a low frequency range of 2 to 3 cpm, a mid range of 9 to 
14 cpm, and a nigh range of 20 to 28 cpm (Table 3). All 
three frequencies were noted in the early postoperative 
recordings; however all three were not always present on 
individual recordings. All three ranges were found super- 
imposed on each other or individually. Mid frequency 
range waves were predominant during the first 1 to 2 
postoperative days, with the high frequency range waves 
occurring more frequently with time until the colon re- 
sembled a ‘recovered’ pattern around postoperative day 
5.9 + 1.5. Low frequency range slow waves were present 
with little change in predominance throughout the study. 


Spike Activity 


Gastric spike activity was present on all initial record- 
ings done after surgery. This activity occurred only in a 
minority of recordings from the gastric fundus. In those 
few patients who demonstrated spike potentials in the 
gastric fundus, the frequency of occurrence of the spike 
potentials was highly variable (Table 4). Spike activity 


TABLE 1. Gastric Slow Waves (cycles per minute) 


Day 1-2 3-4 5-7 1 Month 
Fundus 3.07 + .07 2.95 + .09 2.83 + .06 3.06 + .17 
Body 3.09 + .05 3.18 + .09 2.99 + .05 3.04 + .08 
Antrum 3.08 + .07 3.17 4.11 2.93 + .06 3.00 + .13 
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FIG. 2. Myoelectric recordings of the basal electrical rhythm (BER) from fundus, ‘body, and antrum of the stomach. 
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was more prevalent in the gastric body, occurring in in- 
creasing numbers of patients with the passage of time. 
The antrum, however, displayed the most consistent spike 
activity of any area of the stomach (Table 4, Fig. 4). As 
with the gastric body, increasing numbers of patients had 
antral spike wave activity present with the passage of time 
after operation. In those patients having such findings, 
there was no difference in the amount of spike activity in 
the antrum at any time during the postoperative course. 

Migrating motor complexes (also known as areas of 
phase III activity), in which almost all slow waves during 
a 2-to-3—minute period have associated spike waves, were 
seen in each gastric area studied during the initial post- 
operative period. However they were not demonstrated 
in all patients, and there was no consistency to their pres- 
ence or absence in any gastric area throughout the study. 


TABLE 2. Jejunum Slow Waves (cycles per minute) 
Day 1-2 3-4 5-7 
P22 at EITE 2 10.90 + .11 


I Month 
10.91 + .16 


They were more prominent in the body and antrum and 
in general there appeared to be no consistent propagation 
of the phase III-like activity to the antrum from the body. 

Jejunal phasé II and phase III activity was very consis- 
tent throughout the early. and late pastoperative periods 
and was no different from that observed on the 1-month 
recordings (Table 5). Phase Il-like activity was seen up 
to three and four times in the same patient during a 90- 
minute recording session. This activity was noted during 
every study period, including the 1-month recordings. 
These bursts of activity lasted 3 to 4 minutes, with more 
than 95% slow waves associated with spike potentials 


(Fig. 3). 


Colonic spike activity in the form of discrete electric 
response activity (DERA) returned on postoperative day 
2.1 + 0.3. This was generally associated with the presence 
of mid frequency range slow waves. Continuous electric 
response activity (CERA) returned at 5.9 + 0.4 days, and 
at this time the colon tracings resembled a recovered 
myoelectric pattern no different from that of the 1-month 
recordings (Fig. 5). 
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Fic. 3. Myoelectric recordings of basal electrical rhythm (BER) and a migrating motor complex (MMC) of the jejunum. Note the presence of spike 


potentials associated with all slow waves during the MMC. 


Recovery of bowel sounds occurred at day 2.4 + 0.4 
and had no correlation to the time that patients were noted 
to pass flatus or stool (5.1 + 0.2 days after operation). 
The presence of bowel sounds also correlated poorly with 
resolution of the symptoms of gastrointestinal hypomo- 
tility. Patients often had normal active bowel sounds de- 
spite continued symptoms of ileus with bloating and nau- 
sea. Bloating, distension, and cramps generally began on 
postoperative day 2 to 3 and resolved by postoperative 
days 4 to 6. Passage of flatus usually preceded the first 
bowel movement and the two events generally occurred 
within 24 hours of each other. 


TABLE 3. Colon Slow Waves (cycles per minute) 


Day 1-4 . 5-7 1 Month 
Frequency 
Low 2.79 + .08 2.83 + .11 3.05 + .16 
Mid 11.29 + .2! 10.63 + .27 11.40 + .82 
High 24.77 + .76 23.88 + .76 23.67 + .84 


Discussion 


The phenomenon of postoperative ileus is generally 
transient, and until recent times, when greater emphasis 
has been placed on decreasing length of hospitalization © 
for financial reasons, there was little motivation to attempt 
to modify or correct such a process that usually was self- 
limited. Transient postoperative ileus would also seem ta 
be an excellent model through which to study mechanisms 
that turn bowel function off and on. The combination of . 
these factors stimulated our investigation of the patterns 
of recovery of gastrointestinal tract myoelectric patterns 
during transient postoperative ileus and its resolution. 

Alvarez?! described the slow wave or BER of gastric 
myoelectric activity in 1922. Since that time myoelectric 
activity in the small bowel and colon has also been ex- 
tensively studizd and characterized. Because others have 
shown that mvoelectric activity correlates well with gas- 
trointestinal motility,” we chose to use this parameter 
to examine the relationship of bowel sounds and passage 
of flatus and stool to gastrointestinal function. 


TABLE 4. Gastric Spike Potentials 


Day 1-2 . 3-4 5-7 I Month 
ar ener 
Fundus 13.5 ż 1.1/13 l 0/0 30.0/8 20.0/7 
Body 26.6 + 6.7/16 45.7+10.6/16 37.0+ 8.5/26 36.3 + 9.4/38 
Antrum 39.9 + 6.9/43 33.5 + 6.5740 40.4+5.9/62 47.2 + 9.5/60 


% Slow waves with associated spike pon aie of recordings with spike potentials 
present. 


Nachlas et al.* studied postoperative motility and found 
that small bowel activity returned in 38% of their patients 
by 4 to 8 hours and in 74% by 24 hours after operations 
in which the gastrointestinal tract was entered. Gastric 
motility generally returned within 24 hours and colonic 
motility returned in 3 to 5 days. 

We found that gastric and jejunal BER was no different 
on the earliest postoperative recordings compared to the 
l-month studies. Both the stomach and jejunum had a 
regularly recurring BER at 12 to 24 hours after operation. 
This correlates well with Sarna’s” findings in the stomach 
and the findings of others in the jejunum.**> We did not 
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TABLE 5. Jejunumi Phase I Spike Activity (% slow waves with 
associated spike potentials) 


t 


Day 1-2 3-4 5-7 1 Month 
eoe ee a aa 
45.9 + 3.5 59.9 + 5.5 57.3 + 4.7 53.3 £ 5,2 


a =. 


note a disorganization of activity during the first 12 to 36 
hours in the stomach and jejunum, as noted by Dauchel 
et al.'* The observation of gastric fundus slow wave ac- 
tivity on most recordings confirms our previous report of 
BER in this area.” 

Other authors have noted that gastrointestinal con- 
tractions are present but not coordinated in the initial 
postoperative period.” We could not demonstrate that this 
is caused by irregular BER in the stomach or small intes- 
tine. The exception to this was in patients with prolonged 
postoperative ileus (ileus lasting more than 7 days). We 
have studied a group of 14 such patients using the methods 
described above, and these patients were found to have a 
greater incidence of abnormalities in gastric BER with 
normal jejunal and colon BER.2’ 
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Fic. 4. Gastric spike activity showing antral spike activity occurring independently of any spike activity in the body of the stomach. 
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FiG. 5. Recovered pattern of colon myoelectric activity showing electrical control activity (slow waves) and electrical response activity (spike potentials). 


Gastric antral and jejunal spike activity was also found 
to be no different in the initial postoperative recordings 
from the l-month recordings. Jejunal phase H and phase 
IH activity occurred in a cyclic fashion. Gastric spike ac- 
tivity correlated well with function. In the fundus, where 
the stomach serves as a reservoir, there were few spikes 
and few bursts of phase I-type activity. Activity increased 
toward the body and antrum; in these areas bursts of phase 
III activity became more prominent. This coincides with 
the increased contractile and grinding activity of the an- 
trum. J 

The colon was the last area to establish a normal BER 
and spike activity pattern. We noted a low and mid fre- 
quency range that agree with those reported by Sarna,!® 
Bueno,”® and Taylor,” as well as a higher range of 20 to 
28 cpm similar to that reported by Huizinga.” Recordings 


‘similar to the 1-month tracings showing a fairly equal 


predominance of mid and high frequency range BER were 
not present routinely until the fifth to sixth postoperative 
day. Low frequency BER was present without change in 
predominance with time. 

Colon spike activity also was delayed in its return. Dis- 
crete electric response activity was at times present on 
postoperative day |, but a normal spike activity pattern 
with both DERA and CERA was not present until day 5 
or 6. This correlated well with the patient’s clinical signs 
of passage of flatus and stool and relief of abdominal 
cramps and bloating. 

While the fasting phase H myoelectric pattern in the 
jejunum appeared to be normal in the first postoperative 
recordings, there is some question whether the small bowel 
is capable of converting to the fed pattern in the first 1 to 
2 postoperative days. We have studied several patients in 
a different protocol who were given liquids during the 
postoperative day | and 2 recording sessions. The small 
bowel did not usually convert to a fed-type pattern on 
those days, while it did in those same patients by post- 
operative days 3 and thereafter. We have also noted in 
patients receiving jejunal tube feedings on postoperative 
days | and thereafter that the small bowel did not convert 
to a fed pattern.*' Because this observation in the small 


intestine temporally correlates well with return of gastric 
function after operation, it suggests the possibility that 
some unknown factor from the stomach, perhaps myo- 
electric coordination or hormonal or neural feedback, is 
required to convert the small bowel to the fed pattern. 

The pathophysiology of postoperative ileus is poorly 
understood. Initial investigators of this problem cited the 
effects of perioperative medications,” while others? be- 
lieved the problems of fluid and electrolyte imbalances, 
hypoproteinemia, and reflex inhibition were the primary 
cause. Rough handling of the intestine has been believed 
to be the cause of ileus,** as has duration of the operative 
procedure.” Each of these last two factors has been shown 
to be of little consequence in primate studies.‘ | 

More recently the pathogenesis of ileus after surgery. 
has been attributed to an increased effect of the sympa- 
thetic nervous system.*° Elevated catecholamine levels in 
the postoperative state,” as well as the finding of increased 
synthesis and release of norepinephrine in the bowel wall 
after operation,” all suggest that sympathetic neural in- 
fluences may be a factor. Regulatory reflexes and con- 
trolling mechanisms within the enteric nervous system 
itself may play a key role, as may the many circulating 
peptide hormones that have been shown to influence 
intestinal activity in a variety of animal and human 
studies.” -43 

Bowel sounds appear to have little relation to myo- 
electric function and we could not find any correlation 
with activity in the gastrointestinal tract and return of 
myoelectric activity in any area to return of bowel sounds. 
Bowel sounds were often present and ‘normal’ when the 
patient was still experiencing abdominal discomfort and 
sounds were often hypoactive or absent when the patient 
appeared to be doing well. 

The gastric fundus, body, antrum, and the jejunum 
have normal patterns of BER and spike activity in the 
fasted state as early as 12 to 24 hours after operation. The 
colon is the last ta regain a recovered, normal type of 
pattern. Bowel sounds have little correlation with myo- 
electric activity, although passage of flatus and stool co- 
incides closely with return of normal colon myoelectric 
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activity. Symptoms of bloating and nausea did not com- 
pletely resolve until normal colon myoelectric patterns 
were established. While the colon is to some extent clearly 
responsible for many of the symptoms of postoperative 
ileus, especially the bloating, distention, and cramps, it i$ 
not clear that the patient’s inability to take oral nourish- 
ment for the first several postoperative days is a colonic 
problem. This is a question that requires further investi- 
gation before the causes for the complete spectrum of 
postoperative ileus symptoms can be resolved. 
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DISCUSSION 


Dr. JOAQUIN S. ALDRETE (Birmingham, Alabama): There are two 
main reasons why patients who have elective abdominal operations must 
remain in the hospital for 4 or 5 days if they have an uncomplicated 
recovery: one, they have pain; and two, they have this ileus that has been 
so well studied by the investigators from Charlottesville. 

If there was a way to avoid this ileus or even accelerate the point where 
the gastrointestinal tract begins to function, I think the socioeconomic 
implications are obvious. 

These investigators have a piece of original work because they have 
been able to categorize or characterize successfully the electrical activity 
in the same patients not only in the stomach, but also in the small bowel 
and in the colon, and more importantly, I think, they clearly elevated 
the slow wave that has been relatively simple to do, but also the spike 
potentials of the fast electrical wave, which in the past has been somewhat 
elusive to all those working in the field. 

The spike potentials are particularly important because they are es- 
sential to produce contraction, and although the electrical activity or 
recordings of the electrical activity should not be equated with contraction, 
the closest thing that one can come is to clearly see these spike potentials 
and then correlate them with the motility. 

It is very significant that they found that these spike potentials did not 
appear in these patients until, as an average, the fifth postoperative day. 
That is exactly what we all see in the patients recovering from an ab- 
dominal operation: that they have these symptoms, this bloating, dis- 
tention, and discomfort that is not relieved until the fourth or fifth day 
when they are finally well and can go home. 

The technology that they use is very good, and I don’t want to bore 
you. I would like to ask two questions in regard to the technology. Do 
you use some special methods to detect the spike potentials? What sta- 
tistical methods do you use to analyze the multiple electrical complex 
in these recordings that went on for | hour to be able to come with an 
average? Again the implications are if you could think of electrocar- 
diography, the tremendous impact it has had in the diagnosis and man- 
agement of diseases of the heart, if you could analyze, if you could produce 
the same thing with electrical activity of the gastrointestinal tract, the 
contribution would be very significant. 

There are some problems in the way the heart is a big strong muscle 
and produces a very strong electrical signal. The smooth muscle in the 
gastrointestinal tract is very thin and produces a very weak elecrical 
signal, but is difficult to record because the cardiac electrical signal must 
be filtered first, and the gastrointestinal tract is several meters long, 
switches around the abdominal cavity, which is why I think the efforts 
of the group from the University of Virginia are even more admirable. 


Dr. EDWARD M. COPELAND III (Gainesville, Florida): Perhaps I mis- 
understood your data. It appeared that the myoelectric complex prop- 
agated distally in the stomach. If this is the case, why can we not feed 
the patients immediately after operation? Our group showed some years 
ago that the small bowel MMC is organized and distally propagating as 
early as 18 hours after operation, and recently we learned that immediate 
small bowel feedings via jejunal catheters are possible in selected patients. 
Feeding via the stomach immediately after operation is usually not tol- 
erated. Why? 

You have an excellent model for the study of Bethanicol and Eryth- 
romycin as potential gastric stimulants. Have you looked at these phar- 
macologic agents? 


Dr. ROBERT ZEPPA (Miami, Florida): My questions relate to the clin- 
ical significance of the recordings that Scott has presented to us. 

Remember that Sam Harbison in the late 1940s operated on 100 
consecutive patients with peptic ulcer disease. He did vagotomies and 
pyloroplasties and never put nasogastric tubes in the patient. There have 
been two recent prospective randomized studies on all sorts of abdominal 
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surgery in which the patients have been treated without nasogastric suc- 
tion. 

My question, Scott, is whether these patients did, indeed, have na- 
sogastric suction as part of their postoperative therapy, and second, can 
you correlate in individual patients the slow return of spike activity with 
symptoms? 


Dr. LESTER F. WILLIAMS, JR. (Nashville, Tennessee): Scott, as you 
know, the critical issue may not be the fasting pattern in the MMC but 
the conversion frem fasting to FEO. As you also know, Dr. Bill Richards 
with us at Vanderbilt has shown that a number of things interfere with 
the natural progression from fasting to fed and they include the type of 
anastomosis and more recently lumenal anti-CCK. 

You have a tremendous opportunity to find out with this methodology 
whether feeding in these patients is, in fact, abnormal. That is, is the 
progression from Zasting, the data that you have shown us, to that with 
feeding different? That may be the clinically relevent phenomenon. 


Dr. JOHN WALDHAUSEN (Closing discussion): Dr. Aldrette, one of 
the reasons we think we are able to detect clinical spike activity or slow 
wave activity so well is because we have bipolar recording leads and we 
think these give very clear recordings, and many of the other studies 
probably did not have that advantage 

The way we cakulate spike activity or slow activity throughout the 
intestinal tract is primarily by hand. At present, at least in the stomach 
and small bowel, we do not have a good program to determine spike 
activity. If you loox at a recording over 90 to 120 minutes, there is some 
variability in slow wave and spike activity during that time. We try to 
pick phases, particularly in the small intestine, in which there is a distinct 
MMC as well as preceding phase 2, count 100 slow waves in that phase 
2, count the number of slow waves with associated spike potentials within 
those {00 slow waves, and arrive at our conclusions in that manner. 

Dr. Copeland asked about the BER and MMCs propagating distally 
and whether we, in fact, should be able to feed people. We have not been 
able to determine from our study whether the slow waves that we actually 
see in the stomach are coordinated and | think that that is something 
for further study. 

One of the other problems is that we did not put any wires in the 
pylorus and there is some evidence to suggest that there ts increased 
pyloric tone after operation, but from this study we cannot comment 
on that. 

Dr. Copeland also asked about the use of Bethonicol, and we do have 
plans for studies in the future regarding that. We are currently doing a 
study with Erythromycin. 

Dr. Zeppa asked how long we leave NG suction in the patient. In this 
series of patients, NG suction was used for 24 to 48 hours and then was 
withdrawn. The time that one needs to leave NG suction in place ts 
based on the surgean’s judgment. Just about all of our patients did very 
well when the NG suction was withdrawn. But, of course, there will be 
patients who need prolonged NG suction. We do have a smaller series 
of 14 patients in wtom we found abnormal gastric arrhythmias. In this 
series of patients nasogastric suction was required for a longer period of 
time. 

Dr. Williams asked us about the fasting and fed pattern. In this par- 
ticular study we did not specifically look at that. We have a smaller series 
of patients in which they had been fed within the initial 1 to 2 days after 
operation. What.we found is that the small bowel did not convert to a 
fed pattern within that time, while within the same group of patients we 
did see a conversion to a fed pattern on days 3 to 4. 

We also have a study in which we looked at tube feedings, beginning 
within [2 to 24 houzs after operation and used for at least 10 days after 
operation. In none of these patients did we notice a conversion in the 
small bowel from a rasting to a fed pattern. This leads us to believe that 
there may be some factor in the stomch that we have not identified that 
may be responsible for the conversion to the fed pattern, but that is 
something for further study. 
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The association of Streptococcus bovis endocarditis and colon 
carcinoma has been reported previously in small series in the 
medical, but not surgical, literature. Although the fecal carriage 
rate of S. bovis increases with colonic pathology, no explanation 
exists for the development of bacteremia in these cases. To ex- 
plore the possible contribution of hepatic dysfunction to the de- 
velopment of portal and systemic bacteremia, the incidence of 
both colonic pathology and liver disease or dysfunction was de- 
termined in 92 patients with $. bovis endocarditis and/or bac- 
teremia. Colonic and liver evaluation had been undertaken in 
47% and 93% of patients, respectively. Among these patients, 
colonic pathology was identified in 51%, and liver disease or 
dysfunction was documented in 56%. Either the underlying co- 


lonic disease or alterations in hepatic secretion of bile salts or ` 


immunoglobulins may promote the overgrowth of S. bovis and 
its translocation from the intestinal lumen into the portal venous 
system. A compromised hepatic reticuloendothelial system may 
then contribute to the development of S. bovis septicemia and 
subsequent endocarditis. We conclude that S. bovis bacteremia 
is an indication to the clinician of the possibility of underlying 
liver disease as well as colon pathology. 


HE ASSOCIATION OF Streptococcus bovis endo- 

carditis with adenocarcinoma of the colon was 

first reported in 1977 by Klein and associates.! 
Since then several retrospective series and case reports, as 
well as two prospective studies, have further documented 
that S. bovis endocarditis and bacteremia are associated 
with colonic neoplasms and polyps.?™ +% In addition the 
fecal carriage rate of S. bovis has been shown to increase 
with colonic pathology.’ However these reports have been 
' published in the medical, but not surgical, literature and 
have included relatively small numbers of patients. 
Moreover no data have been presented in the literature 
that explain why systemic bacteremias occur in these cases. 
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To introduce this association to surgeons and to explore 
the possible contribution of hepatic dysfunction to the 
development of systemic bacteremia, the incidence of both 
colonic and liver disease was determined in 92 patients 
with S. bovis septicemia. 


Methods 
Patient Population 


The records of all adult patients with positive blood 
cultures for S. bovis hospitalized at The Johns Hopkins 
Hospital from 1979 through 1988 were reviewed. Nonen- 
terococcal group D streptococcal species were identified 
by the method of Facklam et al.'’ The presence of en- 
docarditis was defined as the development of a new heart 
murmur and echocardiographic or pathologic documen- 
tation of cardiac valvular vegetations. Of 92 patients with 
S. bovis bacteremia, 26 (28%) were diagnosed as having 
endocarditis. The mean age of the patients with and with- 
out endocarditis was 58 and 56 years, respectively. The 
ages ranged from 20 to 90 years. Sixteen of the twenty- 
six (62%) patients with endocarditis were men, whereas 
29 of the 66 (44%) patients with S. bovis bacteremia, but 
without endocarditis, were men. Nineteen of the twenty- 
six (73%) patients with endocarditis were white, six (23%) 
were black, and one (4%) was Oriental. Of the 66 patients 
with only bacteremia, 36 (55%) were white and 30 (45%) 
were black. 

The presenting illnesses of the patients with S. bovis 
endocarditis and bacteremia are presented in Table 1. 
Eighteen of the twenty-six (69%) patients with endocarditis 
were admitted for that problem. In comparison, among 
the patients with S. bovis bacteremia, the most common 
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TABLE 1. Presenting Illnesses 
Endocarditis Bacteremia All Patients 
Illness (n = 26) (n = 66) (n = 92) 
Infectious disease 20 (77%) 17 (26%) 37 (34%) 
Endocarditis l 0 18 
Pyelonephritis 0 5 5 
AIDS l 4 5 
Cholangitis/cholecystitis l 2 3 
Fever unknown origin 0 3 3 
Spontaneous peritonitis 0 l l 
Infected aortic graft 0 l l 
Infected chest wall 0 l l 
Neoplastic 2 (8%) 16 (24%) 18 (20%) 
Leukemia or lymphoma l 8 9 
Pancreatobiliary 0 3 3 
Head, neck, esophagus l 2 3 
Breast 0 2 2 
Multiple myeloma 0 l l 
Cardiovascular 2 (8%) 11 (17%) 13 (14%) 
Coronary artery disease l 8 9 
Arrythmia l l 2 
Miscellaneous 0 2 2 
Gastrointestinal 1 (4%) 7 (11%) 8 (9%) 
Hemorrhage 0) 3 3 
Pancreatitis 0 2 2 
Obstruction/ischemia 0 2 2 
Cirrhosis l 0 l 
Neurologic 1 (4%) 4 (6%) 5 (5%) 
Obstetric/gynecologic 0 (0%) 3 (5%) 3 (3%) 
Diabetes mellitus 0 (0%) 3 (5%) 3 (3%) 
Sickle cell disease 0 (0%) 2 (3%) 2 (2%) 
Drug overdose 0 (0%) 2 (3%) 2 (2%) 
Pulmonary 0 (0%) 1 (2%) 1 (1%) 


AIDS, acquired immune deficiency syndrome. 


presenting illnesses were other infectious diseases (26%), 
neoplasms (24%), cardiovascular disease (17%), gastroin- 
testinal problems (11%), neurologic disorders (8%), and 
a variety of other problems (14%). Interestingly none of 
these patients presented with a colonic neoplasm, and 
only two presented with complications of cirrhosis. The 
associated illnesses, excluding colonic and liver disease, 
are presented in Table 2. Hypertensive cardiovascular 
(24%), cerebrovascular (14%), and coronary artery disease 
(12%) were common associated diseases. Chronic pul- 
monary disease (13%), diabetes (11%), peptic ulcer disease 
(11%), and chronic renal disease (9%) were other fre- 
quently associated illnesses. 


Colonic Evaluation 


Patients were considered to have undergone colonic 
evaluation if they had sigmoidoscopy, colonoscopy, a 
barium enema, or pathologic examination of endoscopic 
biopsies or surgically resected specimens. Overall 43 of 
92 (47%) patients completed colonic evaluation (Table 
3). Nineteen of twenty-six (73%) patients with endocarditis 
and 24 of 66 (36%) bacteremia patients had their colons 
evaluated. Colonoscopy was performed on 19 of 31 (61%) 
patients undergoing lower intestinal endoscopy. Twenty- 
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TABLE 2. Associated Illnesses* 








Endocarditis Bacteremia All Patients 
Illness (n = 26) (n = 66) (n = 92) 
Hypertensive cardiovascular 
disease 8 (31%) 14 (21%) 22 (24%) 
Cerebrovascular disease 2 (8%) 11 (17%) 13 (14%) 
Pulmonary disease 4 (15%) 8 (12%) 12 (13%) 
Coronary artery disease 5 (19%) 6 (9%) 11 (12%) 
Diabetes mellitus 3 (12%) 7 (11%) 10 (11%) 
Peptic ulcer disease 2 (8%) 8 (12%) 10 (11%) 
Chronic renal failure 2 (8%) 6 (9%) 8 (9%) 
Chronic pancreatitis 0 (0%) 4 (6%) 4 (4%) 
Carcinomat 2 (8%) 1 (2%) 3 (3%) 
Seizure disorder 0 (0%) 2 (3%) 2 (2%) 
Myasthenia gravis 0 (0%) 1 (2%) 1 (1%) 
Schizophrenia 0 (0%) 1 (2%) 1 (1%) 





* Excluding colon and liver diseases. 
+ Lung-2, endometrial-1. 


four patients (26%) had barium enemas and 21 (23%) had 
pathologic examination of biopsies and/or surgical spec- 
imens. Colonic findings were classified as either cancer, 
neoplastic polyps, or inflammatory conditions such as co- 
litis or ischemia. Diverticulosis without evidence of in- 
flammation was not included as a positive finding. 


Liver Evaluation 


Patients were considered to have undergone liver eval- 
uation if serum chemistries were performed, including 
bilirubin, transaminase, and alkaline phosphatase levels; 
computerized tomographic (CT) or ultrasound scans of 
the liver; and/or liver biopsy. Eighty-four of ninety-two 
(91%) patients had serum bilirubin, transaminase, or al- 
kaline phosphatase levels determined (Table 3). In addi- 
tion 39 (42%) patients had either computerized tomo- 
graphic or ultrasonic examination of the liver. Abnormal 
liver function tests were defined as either elevation of the 
transaminase or alkaline phosphatase values to twice nor- 
mal values or a serum bilirubin of more than 2.0 mg/dL. 
Evidence of diffuse parenchymal liver disease on CT or 
ultrasound in association with abnormal chemistries or a 


TABLE 3. Colonic and Liver Evaluations 
eee: FL et a ce erence T O 


Evaluation 


Colonic evaluation 
Endoscopy* 
Barium enema 
Pathology 


Liver evaluation 
Serum chemistries 
Liver scant 
Liver biopsy 


Endocarditis 


(n = 26) 


19 (73%) 
13 (50%) 
14 (54%) 
11 (42%) 
(n = 26) 
25 (96%) 
25 (96%) 
15 (54%) 

6 (23%) 


* Colonoscopy or sigmoidoscopy. 


+ Computed tomography or ultrasound. 


Bacteremia 


(n = 66) 


24 (36%) 
18 (27%) 
10 (15%) 
10 (15%) 
(n = 66) 
61 (92%) 
59 (89%) 
25 (38%) 
12 (18%) 


All Patients 


(n = 92) 


43 (47%) 
31 (34%) 
24 (26%) 
21 (23%) 
(n = 92) 
86 (93%) 
84 (91%) 
39 (42%) 
18 (20%) 
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clinical history of alcoholism, cirrhosis, or hepatitis was 
also considered evidence of liver disease. Eighteen patients 
(20%) also had liver biopsies. 


Results 
Colonic Pathology 


Colonic pathology was identified in 22 of 43 (51%) pa- 
tients who underwent colonic evaluation (Table 4). A co- 
lon lesion was detected in 58% of patients with endocar- 
ditis and in 46% of those with S. bovis bacteremia (Table 
4, Fig. 1). A colon cancer was identified in six (32%) of 
the patients with endocarditis who underwent either en- 
doscopy or a barium enema (Fig. 2). Of the 6 patients 
with adenocarcinoma of the colon, 2 had carcinoma in 
situ, 2 had Duke’s B, and 2 had Duke’s C lesions. Fur- 
thermore two of these six patients had two separate car- 
cinomas. Colonic polyps were found in an additional 5 
of 19 patients with endocarditis (26%). These polyps were 
classified as tubulovillous adenomas in two patients, as 
tubular adenomas in two patients, and as a mixture of 
both in a patient with multiple polyps. No patient with 
endocarditis had an inflammatory colonic problem, al- 
though diverticulosis was identified in five of these pa- 
tients. All cancers and polyps were identified concurrently 
with the episode of endocarditis. Interestingly one patient 
had a previous episode of S. bovis endocarditis 4 years 
before the current infection. Colonic evaluation at that 
time showed no evidence of disease. However, at the time 
of the current episode of endocarditis, colonoscopy re- 
vealed a cancer of the right colon. Overall 11 of the 26 
patients (42%) with endocarditis had colonic disease 
(Fig. 3). 

The spectrum of pathology was different in the 24 pa- 
tients with S. bovis bacteremia without endocarditis who 
underwent colonic evaluation. Only | of the 24 (4%) eval- 
uated patients was found to have a colorectal carcinoma, 
and this tumor was diagnosed 4 years after the episode of 
bacteremia. Four of these twenty-four (17%) patients with 


TABLE 4. Positive Evaluations* 


Endocarditis Bacteremia All Patients 
Evaluation (n = 19) (n = 24) (n = 43) 
Colonic evaluation* 11 (58%) 11 (46%) 22 (51%) 
Endoscopy 10 (77%) 6 (33%) 16 (50%) 
Barium enema 3 (21%) 0 (0%) 3 (13%) 
Pathology 11 (100%) 10 (100%) 21 (100%) 
(n = 25) (n = 61) (n = 86) 
Liver evaluation* 13 (52%) 35 (57%) 48 (56%) 
Serum chemistries 3 (12%) 24 (41%) 27 (32%) 
Liver scan 7 (50%) 16 (64%) 23 (59%) 
Liver biopsy 6 (100%) 12 (100%) 18 (100%) 


* Percentages are of those evaluated. 
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FIG. 1. Prevalence of colonic pathology (left) and liver disease (right) 
among evaluated patients with S. bovis endocarditis and bacteremia. 


S. bovis bacteremia were found to have colonic polyps. 
These polyps included 2 tubular adenomas, | tubulovil- 
lous adenoma, and 1 villous adenoma. Six of these 24 
(25%) patients had acute inflammatory conditions, in- 
cluding diverticulitis in 1, colonic ischemia with perfo- 
ration in 1, and pseudomembranous, ulcerative, nonspe- 
cific, and radiation colitis in 1 each. All of these six patients 
presented with acute gastrointestinal complaints, and S. 
bovis was recovered from the blood during the septic pre- 
sentation. In addition 5 of the 66 bacteremia patients also 
had evidence of diverticulosis without inflammation. Not 
counting these five patients, the prevalence of colonic dis- 
ease in patients with S. bovis bacteremia undergoing Co- 





FIG. 2. Barium enema demonstrating a colon cancer in a patient with 
S. bovis endocarditis. 


ye 


Vol. 211 * No. 6 


FIG. 3. Prevalence of colon 
pathology, liver disease, or 
both among all patients with 
S. bovis endocarditis (left) 
and bacteremia (right). 


lonic evaluation was 46% (Table 4, Fig. 1). However only 
11 of the 66 (17%) patients with S. bovis bacteremia had 
colonic pathology (Fig. 3). 


Liver Disease 


Liver disease and/or dysfunction was identified in 48 
of 86 patients (56%) who underwent evaluation (Table 
4). Liver disease was detected in 52% of patients with 
endocarditis and in 57% of those with S. bovis bacteremia 
(Table 4, Fig. 1). Abnormal liver chemistries were present 
in only 3 of 25 (12%) patients with S. bovis endocarditis 
in whom results were available. One patient was jaun- 
diced, with a total bilirubin level of 6.7 mg/dL, whereas 
the other two had significant elevations of serum trans- 
aminase levels. Liver scans suggested parenchymal disease 
in seven (28%) endocarditis patients. Liver biopsies were 
abnormal in six (24%) endocarditis patients. Histologic 
findings of cirrhosis were present in three patients, whereas 
fatty infiltration, liver abscess, and a large benign cyst 
were each observed in one patient. Overall liver disease 
and/or dysfunction was documented in 13 of 26 (50%) 
patients with endocarditis (Fig. 3). Furthermore seven 
(27%) of these patients had documentation of both colon 
and liver disease. 

Abnormal liver chemistries were present in 24 of 59 
(41%) patients with S. bovis bacteremia (Table 4). Twelve 
of these twenty-four patients had jaundice, with total bil- 
irubin levels ranging from 2.9 to 10.7 mg/dL. Sixteen of 
twenty-five (64%) bacteremia patients undergoing diag- 
nostic imaging had evidence of liver disease (Fig. 4). Fur- 
thermore liver biopsies in 12 patients documented chronic 
passive congestion in 4, cirrhosis in 3, metastatic infiltra- 
tion in 2 (breast cancer and leukemia), and central lobular 
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necrosis, a liver abscess, and nonspecific changes in | each. 
Overall liver disease and/or dysfunction was documented 
in 35 of 66 (53%) patients with S. bovis bacteremia (Fig. 
3). In addition 5 of 66 (8%) patients with bacteremia had 
both colonic and liver disease. 


Discussion 


In this retrospective analysis of 92 patients with S. bovis 
bacteremia, the previously described association with co- 
lonic pathology was confirmed. This study is the largest 
series documenting this association and the first in the 
surgical literature. Colonic evaluation was carried out in 
47% of the patients with endoscopy, barium enema, and/ 
or pathologic examination of biopsy or surgical specimens. 
Fifty-eight per cent of patients with S. bovis endocarditis 
and 46% of those with bacteremia had colonic pathology. 
Liver evaluation was also performed with serum chem- 
istries in 91%, with liver CT or ultrasound scans in 42%, 
and/or liver biopsy in 20%. Liver disease was identified 
in 52% of patients with endocarditis and in 57% of those 
with bacteremia. Furthermore both colon pathology and 
liver disease were associated in 27% of the patients who 
developed S. bovis endocarditis. This additional associa- 
tion with liver disease has not been reported. 

In recent decades an increasing proportion of endo- 
carditis has been due to nonenterococcal group D strep- 
tococcus, and specifically the S. bovis species.'* This as- 
sociation was first suggested in 1951 in a case report of 
‘enterococcal’ endocarditis as the initial manifestation of 
carcinoma of the colon.'” As bacteriologic techniques have 
allowed differentiation of S. bovis, Klein et al.' reported 
this association with two cases of colonic adenocarcinoma 
in patients with bacterial endocarditis. After this initia! 
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report, a number of case reports and small series have 
followed to support this association.” 4®?-!%!1413 In three 
retrospective series the incidence of colorectal neoplasia, 
both benign and malignant, ranged from 18% to 50%.*"'*'® 

Two prospective analyses have also been completed to 
further define this association.” In 1981 Wilson and 
colleagues® studied 21 patients with S. bovis endocarditis 
and found that 62% of the patients had colonic disease, 
including 24% with inflammatory bowel disease, 14% with 
diverticular disease, 10% with colonic polyps, 10% with 
colonic villous adenomas, and 5% with carcinoma of the 
colon. Klein and associates,’ in another prospective anal- 
ysis of 15 patients with S. bovis bacteremia (five with en- 
docarditis and four with probable endocarditis), per- 
formed colonoscopy or barium enema and sigmoidoscopy 
as part of a complete colonic evaluation in all patients. 
In that series, 13 patients were found to have gastrointes- 
tinal tumors or polyps. Eleven colonic neoplasms were 
detected, including 2 adenocarcinomas, 5 villous adeno- 
mas with microscopic evidence of carcinoma, | adeno- 
matous polyp with microscopic evidence of carcinoma, 
and 3 adenomatous polyps without carcinoma. In this 
series two other patients had gastrointestinal malignancies, 
with one gastric carcinoma and one esophageal carci- 
noma. In addition one of the two patients without a gas- 
trointestinal neoplasm had colonic diverticulosis. These 
prospective studies suggest that colon neoplasia can be 
expected in most cases of S. bovis endocarditis. 

In the current retrospective review, patients with S. 
bovis infection were classified as having either endocarditis 
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FIG. 4. Computed tomogram 
demonstrating a small, nod- 
ular, cirrhotic liver and 
splenomegaly due to portal 
hypertension in the same pa- 
tient (Fig. 2) with S. bovis 
endocarditis and colon can- 
cer. 


or bacteremia without endocarditis. The results of the 
current study confirm the previously reported association 
of colonic neoplasms in patients with S. bovis endocarditis. 
Among the 19 patients with endocarditis undergoing co- 
lonic evaluation, 58% were found to have colonic ade- 
nocarcinoma or neoplastic polyps. Although a similar 
overall incidence of colonic pathology (46%) was present 
in patients with S. bovis bacteremia undergoing evalua- 
tion, the spectrum of disease was markedly different. 
Neoplasia was much less frequent in the group with bac- 
teremia, with only one cancer being detected several years 
after the episode. However the incidence of non-neoplastic 
colonic conditions such as colitis, diverticulitis, or isch- 
emia were more common in these patients. In several of 
these patients the colonic disease was the primary indi- 
cation for hospitalization, with the bacteremia developing 
during the course of the hospitalization. Although signif- 
icantly fewer patients with bacteremia alone underwent 
colonic evaluation, follow-up suggests that these patients 
were not harboring colon cancers. 

The association of S. bovis endocarditis with colonic 
neoplasia is most likely the result of two factors. The first 
key factor is a change in colonic flora in patients with 
colon cancer. S. bovis is found in the gastrointestinal tract 
of only 5% to 16% of normal human subjects.'*” However, 
in a study by Klein et al.,' the fecal carriage rates for S. 
bovis was 56% in patients with carcinoma of the colon. 
Whether this increased prevalence of S. bovis in patients 
with colon carcinoma and polyps is cause or effect is un- 
known. Second this organism may have a specific pro- 
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pensity for both transmucosal invasion and the devel- 
opment of the bacterial endocarditis. S. bovis accounts 
for 14% of all microbiologic endocarditis, 24% of strep- 
tococcal endocarditis, and 63% of group D streptococcal 
endocarditis.” However the factor or factors promoting 
(1) fecal overgrowth, (2) access to the portal venous system, 
(3) entry into the systemic circulation, and (4) lodgement 
on cardiac valves have yet to be elucidated. 

In the present analysis, 50% of patients with S. bovis 
endocarditis and 53% of those with bacteremia had as- 
sociated liver disease and/or dysfunction. Liver disease 
was documented by biopsy in 18 of these 48 (38%) pa- 
tients. In ten of the forty-eight (21%) patients, the diagnosis 
of cirrhosis was clearly established. However a variety of 
other liver problems, including passive congestion, neo- 
plastic infiltration, extrahepatic obstruction, and fatty in- 
filtration, were documented by liver biopsy, scans, and/ 
or laparotomy. Each of these liver problems may result 
in a compromised hepatic reticuloendothelial system and 
other host-defense mechanisms.?!~?> Furthermore alter- 
ations in hepatic secretion of bile salts and/or secretory 
Immunoglobulins may promote the translocation of bac- 
teria from the intestinal lumen into the portal venous 
system. Finally the presence of portal hypertension 
with portal-systemic shunting may bypass the hepatic re- 
ticuloendothelial system and allow direct access to the 
systemic venous system. 

This study suggests that all patients with documented 
S. bovis endocarditis or bacteremia should undergo both 
colonic and hepatic evaluation. A colonoscopy should be 
performed to detect symptomatic colonic neoplasia. This 
follow-up should be maintained for a number of years 
after the episode of endocarditis because cases of colonic 
carcinoma have been reported years after the episode of 
endocarditis.'* Complete liver function tests, hepatitis 
screens, and CT or ultrasound of the liver should be ad- 
equate to detect underlying liver disease. Liver biopsy 
should be performed selectively if more information is 
required. We conclude that S. bovis bacteremia should 


alert the clinician to the possibility of underlying liver and - 


colon disease. 
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physiologic relationship between S. bovis colonization and these disease 
processes remain unresolved. For example, there is no clear understanding 
of the mechanisms by which S. bovis either populates the gut or spreads 
from the gut to cause endocarditis. Thus the current studies documenting 
an association between liver disease and S. bovis endocarditis or bacter- 
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emia may be very important because they support the hypothesis that 
hepatic reticuloendothelial failure may play a major role in the devel- 
opment of S. bovis bacteremia or endocarditis. 

I am sure that the authors invited me to discuss this work because of 
my interest in gut barrier failure and bacterial translocation. From our 
experimental work on bacterial translocation, we have identified three 
mechanisms that cause translocation. These are bacterial overgrowth, 
mucosal injury, and a systemic immunocompromised state. Many pa- 
tients reported in this series had at least one of these risk factors and a 
significant proportion had two or more. Thus it is likely that intestinal 
barrier function was compromised in these patients. Although many 


patients are at increased risk of having bacterial translocation and bacterial « 


translocation to the mesenteric lymph nodes have been recently reported 
in patients with colonic cancer by Vincent in the Journal of Infectious 
_ Disease in 1988, systemic bacteremia is not common. The question 
therefore arises as to why some patients develop systemic bacteremia 
while others do not. The authors hypothesis that hepatic RES failure is 
an important link in the development of bacteremia is intriguing and 
worthy of pursuit. Therefore I have the following questions. Have you 
looked at other patients presenting with non-S. bovis bacteremia and 
endocarditis to see whether the incidence of liver dysfunction in those 
patients are different from that found in the S. bovis population? Second, 
are you planning further clinical or experimental studies to test this hy- 
pothesis? 

My last question concerns the relationship between S. bovis coloni- 
zation of the gut and the presence of colonic polyps or carcinoma. Which 
is the chicken and which is the egg? That 1s, do you think that the presence 
of S. bovis is a marker of an altered intestinal microenvironment and 
that this altered environment predisposes to the development of neoplasia 
or do you believe that the S. bovis in some fashion induces colonic 
neoplasia? 


Dr. R. NEAL GARRISON (Louisville,. Kentucky}: The authors have 
clearly linked the positive blood culture for Streptococcus bovis with 
both colonic and liver disease. Specifically S. bovus endocarditis strongly 
suggests that colon carcinoma is the source for the bacteremia. 

This paper is difficult to discuss other than to confirm that the asso- 
ciation of bacteremia, liver disease, and colon disease is a real phenom- 
enon, and I suggest that we name this the Pitt Syndrome. 

I have two questions. Colonic bacteria is plentiful in diverse numbers 
and species within the colon. What was the incidence of polymicrobial 
bacteremia in your patients because this would give more credence to a 
colonic origin for the bacteremia. . 

Second, as we have shown with other bacteremia of colonic origin, 
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the mortality is often related to underlying disabiling diseases. What was 
your overall in-hospital mortality rate for these patients? 


NG 


Dr. CHARLES G. WARD (Miami, Florida): Colon carcinomas produce 
transferrinlike chelators that can be used by bacteria for their growth. 

Long ago Dr. Cohn showed that hemoglobin and iron were supple- 
mental factors for causing bacteremia. In fact the bacteremia seen with 
this disease may be due to the iron chelator produced by the tumor, 
which allows spread of bacteria throughout the body. 


Dr. KEITH D. LILLEMOE (Closing discussion): Dr. Deitch your point 
about an immune compromise, especially in the bacteremia group, is 
very important. We, too, asked the chicken and egg question. These 
patients were very sick and perhaps the development of bacteremia may 
reflect their altered immune function. 

We have not detected or looked for the evidence of liver dysfunction 
in other patients with bacteremia or endocarditis, but that certainly could 
be done in the future.! 

We are not doing any screening of stool for S. Bovis in all patients as 
in hemocult testing. Certainly, however, our institution has taken a more 
aggressive prospective evaluation of all patients who do present with 
positive blood cultures with this organism, and we hope to identify the 
true incidence of this ‘problem in this prospective analysis. 

It is our feeling that S. bovis probably represents a marker of the colon 
cancer and the alterations that take place in the development of the 
colon cancer predispose to the bacterial overgrowth of this species. 

Concerning the questions of Dr. Garrison, polymicrobial sepsis with 
multiple organisms growing from the blood cultures was more common 
in the patients with bacteremia only. In the endocarditis group only 17% 
of the patients had a second organism and in all cases that was another 
Strep species. ; - 

In the bacteremia group, however, it was a more heterogeneous pop- 
ulation. Multiple organisms were present in the blood cultures of about 
65% of these patients. In many cases these included gram-negative and 
other gram-positive organisms. This again represents the more advanced 
sepsis in these patients. 

The overall mortality in this series also represents the more advanced 
sepsis in the bacteremia group. No deaths occurred in the endocarditis 
patients. However 29% of the patients with bacteremia died during their 


hospital course. 


And finally, Dr. Ward, we appreciate your suggestion of a probable 
mechanism for this finding. 
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Recent Experience with Diaphragmatic 


Hernia and ECMO 





CHARLES G. HOWELL, M.D., ROBYN M. HATLEY, M.D., R. FREDERICK BOEDY, M.D., DAVID M. ROGERS, M.D., 


In the past 4 years at the Medical College of Georgia, a total of 
74 patients underwent extracorporeal membrane oxygenation 
(ECMO) with 62 (84%) survivors. Forty-seven of these infants 
had meconium aspiration syndrome and 11 had diaphragmatic 
hernia. The use of ECMO, when indicated, after reduction and 
repair of the diaphragmatic hernia, results in normal oxygen 


-~ delivery, allows time for pulmonary maturation, and increases 


survival. A total of 27 referrals for diaphragmatic hernia were 
studied. Six infants had surgical repair and did not require 
ECMO. Eleven patients, after surgical repair, were treated with 
ECMO and seven survived. More importantly 10 patients died 
before the use of ECMO. Six infants died either before or during 
transport from referring hospitals and four died while in the 
delivery room or neonatal unit before ECMO. Of these 10 infants, 
eight were potential candidates for ECMO. Thirteen of the 
twenty-seven (48%) infants survived. Seven of eleven (64%) in- 
fants who received the benefit of ECMO survived. Eight infants 
who met the criteria for ECMO died before its use. Had ECMO 
been used in those eight infants, our data suggests that at least 
four may have survived. The data from this report support the 
concept that infants undergoing surgical repair of diaphragmatic 
hernia, when ECMO is not available, should be referred to an 
ECMO center in the early postoperative period. Furthermore 
infants with prenatal diagnosis of diaphragmatic hernia should 
be delivered at a center where surgical as well as ECMO ex- 
pertise are available. 


HE EXTRACORPOREAL MEMBRANE OXYGENA- 
TION (ECMO) program at the Medical College 


of Georgia Children’s Medical Center was insti- ` 


tuted in March 1985. While initially begun out of concern 
for the pulmonary problems encountered in the postop- 
erative management of patients with congenital dia- 
phragmatic hernias (CDH) and for other term infants with 
respiratory failure, it became apparent that infants with 
a CDH comprise only a small portion of infants eligible 
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for this invasive procedure. In the past decade, reports of 
successful treatment of CDH have focused on use of 
ECMO with subsequent improvement in survival.'~> In 
fact, even in our initial experience of CDH treated with 
ECMO, we believed we had markedly changed our sur- 
vival rate. After several years experience, however, we re- 
alized that a significant number of infants with CDH re- 
pair did not survive the period between repair, transfer, 
if necessary, and subsequent ECMO therapy. These un- 
recognized deaths provided the stimulus to review our 
series of CDH from the referring physician’s initial contact 
to subsequent outcome. 


Methods 


Documents for 29 consecutive accepted referrals with 
CDH and 147 consecutive accepted referrals without 
CDH to the Medical College of Georgia ECMO Program 
from March | 1985 through July 15, 1989 were reviewed. 
During this period 74 infants underwent ECMO, with 62 
(84%) survivors. Forty-seven had meconium aspiration 
syndrome, 11 had CDH, 9 had persistent fetal circulation, 
6 had respiratory distress syndrome/hyaline membrane 
disease, and | had congenital heart disease. 

Initially 29 referrals for CDH were evaluated. Two in- 
fants were excluded from the study: an infant with pro- 
found hypoxemia secondary to uncorrectable congenital 
heart disease with CDH, and an infant with dysmorphic 
features, severe congenital heart disease, CDH, and no 
parental consent for treatment of the CDH. The data of 
the remaining 27 patients were analyzed. Twenty-four of 
the twenty-seven (88%) patients developed respiratory 
symptoms in the first 12 hours; the remaining three infants 
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developed symptoms after discharge from the newborn 
nursery. Twenty-five of these infants had surgical repair 
of the CDH. Two patients, delivered in our hospital, died 
in the delivery room. 

An abdominal incision was used for repair in 24 patients 
and a thoracic incision was used in one. Primary repair 
of the diaphragmatic defect was accomplished in 17 pa- 
tients and a prosthesis (silicone elastomer or polytetra- 
fluroethylene) was used in eight. 

Eleven of the twenty-seven study patients were either 
delivered at our hospital or outborn and referred to our 
hospital for initial surgical management. The remaining 
16 patients were referred for consideration of ECMO after 
successful surgical repair at the referring hospital. 

The technique of ECMO in neonates with respiratory 
failure has been well described.* Specific criteria used to 
identify infants with a predicted mortality rate in excess 
of 80% with CDH included: 


(1) AaDO, > 610 for 8 hours, or AaDO, > 600 for 12 
hours (AaDO, = 760 — (PaQ2(mmHg) + PaCO, 
(mmHg) + 47), with the patient breathing 100% ox- 
ygen or FIO, of 1.0, 

(2) acute deterioration (PaO, < 40 mmHg for > 2 hours), 

(3) and oxygenation index (OI) > 40 on three of five 
measurements between 30 and 60 minutes apart (OI 
= mean airway pressure above atmosphere X FIO, 
xX 100 divided by postductal PaO, (mmHg). 


Specific criteria used to exclude infants from the use 
of ECMO included: 


(1) estimated gestational age < 35 weeks, 

(2) presence of intracranial hemorrhage, 

(3) uncorrectable cyanotic congenital heart disease, 
(4) severe, uncorrectable associated anomalies, and 
(5) parental refusal. 


The 27 infants were divided into the following groups: 
(J) surgery only, 6 patients not requiring ECMO; (2) 
ECMO survivors, 7 patients with initial surgical repair 
followed by ECMO; (3) ECMO deaths, 4 patients with 
initial surgical repair followed by death during or im- 
mediately after ECMO; and (4) pre-ECMO deaths, 8 pa- 
tients with initial surgical repair followed by ECMO re- 
ferral with death in transport or on arrival to our NICU, 
and 2 infants with antenatal diagnosis who died at delivery 
in our hospital. Data examined for each patient included 
sex, estimated gestational age (EGA), birth weight (BW), 
side of defect, prosthesis, and antenatal diagnosis. We also 
analyzed PaCO, (mmHg) and ventilation index (VI; mean 
airway pressure X respiratory rate) before surgery and 
PaCO, (mmHg) and VI before ECMO.° Our third set of 
parameters included highest pre- and postductal PaO, 
(mmHg) after surgery, AaDO, before ECMO, age of pa- 
tient (hours) at ECMO (or death), and time on ECMO 
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(hours). Survivors, with and without ECMO (groups | 
and 2), and nonsurvivors (groups 3 and 4), with and with- 
out ECMO were studied by chi square, analysis of variance 
using | and 2 factors, unpaired t test, and a stepwise dis- 
criminant analysis. | 


Results 


Thirteen of twenty-seven (48%) infants survived. Of 
the ECMO deaths (group 3), 2 were due to intracranial 
hemorrhage, | due to pulmonary hypoplasia/pulmonary 
hypertension, and 1 due to cardiomyopathy/pulmonary 
hypertension. Of the pre-ECMO deaths (group 4), 7 were 
due to respiratory failure/pulmonary hypertension, 2 due 
to pulmonary hypoplasia/pulmonary hypertension, and 
| due to respiratory failure/pulmonary hypertension and 
esophageal atresia/tracheoesophageal fistula. 

Of 11 patients either delivered at our hospital or referred 
for CDH repair; eight (73%) survived. Five infants with 
antenatal diagnosis of CDH were attended at delivery by 
the authors, and two died within the first 30 minutes of 
life. The other three infants had successful repair, required 
ECMO, and two survived. 

Of the 16 infants referred for ECMO after CDH repair, 
five (31%) survived. Eleven referrals for ECMO died: 3 
during or immediately after ECMO, 6 before or during 
transport, and 2 shortly after arrival to our neonatal in- 
tensive care unit. 

Statistical analysis of the four groups revealed no sig- 
nificant difference between the survivors (groups 1 and 2) 
and nonsurvivors (groups 3 and 4) with respect to sex, 
EGA, BW, side of defect, prosthesis, and antenatal diag- 
nosis (Tables | and 2). However the unpaired t test com- 
paring sex versus BW revealed that male infants were sig- 
nificantly larger than female infants (3.1 kg versus 2.7 kg; 
p < 0.04). Further analysis of the groups comparing sur- 
vivors with nonsurvivors revealed no difference in PaCO, 
(mmHg) and VI before surgery, and PaCO, (mmHg) and 
VI before ECMO (Table 3). Analysis of the groups com- 
paring highest pre- and postductal PaO, (mmHg) after 
surgery, AaDO, before ECMO, age at onset of ECMO (or 
death), and duration of ECMO revealed no statistical dif- 
ferences (Table 4). An interesting result was the mean age 


TABLE |. Comparison of Demographic Data by Groups 


Sex Birth* 
; ia aa aia Weight 
Groups No. Male/Female EGA* (Weeks) (Kg) 
l 6 4/2 37 +3 2.95 + 0.66 
2 7 3/4 40 +2 3.12 + 0.67 
3 4 _ 0/4 38 +2 2.58 + 0.25 
4 10 4/6 39 + 2 2.83 + 0.47 


* Shown for EGA and Birthweight is mean + SD. 
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TABLE 2. Comparison of Side of Defect, Use of Prosthesis, and 
Antenatal Diagnosis by Groups 


Side Antenatal 
Groups No. Left/Right Prosthesis Diagnosis 
l 6 4/2 0 0 
2 7 6/1 2 2 
3 4 3/1 2 Í 
4 10 8/2 4 2 


of death in group 4 (excluding the two delivery room 
deaths) of 26.8 hours (range, 7.5 to 60 hours). 

Calculation of actual and predicted survivals plotting 
PaCO, (mmHg) versus VI (Bohn’s criteria)’ revealed a 
49% predicted survival rate before surgery in groups 2 
and 3. Our actual survival rate was 64%. Similar calcu- 
lations before ECMO for groups 2 and 3 revealed a 14% 
predicted survival rate as compared to a 64% actual sur- 
vival rate. Of the eight patients in group 4, use of Bohn’s 
criteria predicted 19% survival before surgery and 12% 
survival before ECMO. 

A stepwise discriminant analysis, including all variables 
except time on ECMO and age of ECMO, was used to 
distinguish the group memberships. Only two variables, 
VI before surgery and use of prosthesis, entered the dis- 


criminant analysis at p < 0.05. The prosthesis distin- 


guished between those patients receiving surgery only and 
those also réquiring ECMO. The VI functioned to distin- 
guish between all groups. The resulting discriminant for- 
mula was applied to the 10 patients in the pre-ECMO 
death group (group 4). Two infants died in the delivery 
room. The remaining eight infants were potential ECMO 
candidates. Based on statistical analysis, four of these eight 
patients clearly would have been predicted to survive with 
ECMO. These 4 predicted survivors would increase the 
survival of infants referred for ECMO from 31% (5 of 16) 
to 56% (9 of 16). Furthermore the remaining four infants 
would have had an approximate 50-50 chance of survival. 
These additional two predicted survivors would poten- 
tially increase the survival of infants referred for ECMO 
from 56% (9 of 16) to 69% (11 of 16), essentially the same 
survival rate as our population who were either delivered 
at our hospital or referred for surgical repair of the CDH. 


RECENT EXPERIENCE WITH DIAPHRAGMATIC HERNIA AND ECMO 795 


Discussion 


In 1946 Gross® reported the successful repair of CDH 
in seven children, including one infant who was less than 
24 hours of age. This heralded a period of optimism sur- 
rounding the treatment of neonates with diaphragmatic 
hernia. The concept that postdelivery respiratory failure 
was secondary to compromise of pulmonary function by 
expanding viscera in the chest indicated an obvious emer- 
gency. Early and aggressive surgical management of these 
infants was thus necessary if survival were to result. 

Aggressive surgical management initially resulted in 
improved survival, but despite refinement in surgical 
techniques, the mortality rate for infants with this lesion 
remained 50% or higher.’ Most frustrating was the ap- 
parent successful surgical repair of this abnormality with 
marked improvement in pulmonary function as measured 
by oxygenation, only to be followed by progressive and 
often catastrophic deterioration and death. This deterio- 
ration was presumed secondary to progressive pulmonary 
hypertension and right to left shunting with severe hy- 
poxemia. The medical management of this complication 
(hyperventilation, volume support, and pharmacologic 
agents) was not a panacea.’ 

Since the initial reports'~* of the benefit of ECMO in 
CDH were published, ECMO centers have reported fa- 
vorable results. Recent reports, however, have emphasized 
the inherent mortality of the infant with CDH despite 
ECMO availability.” !° One subgroup of infants with such 
circumstances is the infant with antenatal diagnosis that 
does not survive the delivery room resuscitation. This 
subgroup with CDH may only survive if treated with fetal 
surgery, the prospects for which are unknown.!'"!? A sec- 
ond group of infants with an inherent mortality risk are 
those who survive the delivery room resuscitation, con- 
tinue in extremis, and can only be managed successfully 
with immediate ECMO and delayed surgical repair of the 
CDH. A third group of infants with an unacceptable 
mortality risk is our previously undescribed group of in- 
fants who have had successful surgical repair of the CDH. 
A period of time elapses that may include a ‘honeymoon 
period,’ progressive deterioration, and the infant’s death 
either before or during transport. These hopeless cases 


TABLE 3. Comparison of PaCO, and VI Before Surgery and ECMO by Groups 


PaCO,; 

Before 
Groups No. Surgery 
35 + 20 
41 +22 
52+ 4 
* 53 + 20 


A NO ee 
DAND 


Shown for PaCO, and VI is mean = SD. PaCO, is expressed as mm 
Hg. 


PaCOQ, 
_VI Before Before VI Before 
Surgery ECMO ECMO 
513 + 192 
1593 + 616 oy Me oh 1 2013 + 376 
1025 + 206 62 + 26 1895 + 474 
1607 + 460 68 + 43 1818 + 35] 


* Two patients died before measurements being obtained. 
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TABLE 4. Comparison of Pre- and Postductal PaO; Afier Surgery, AaDO, Before ECMO, Age on ECMO (death), and Time on ECMO 


AabDO, Age on Time on 
Highest Preductal Highest Postductal Before ECMO ECMO 
Groups No. PaO, After Surg PaO, After Surg ` ECMO (Hours) (Hours) 
Zo 7 265 + 178 134 + 125 644 + 24 40 + 31 156.9 + 46.3 
3 4 216 + 133 73+ 39 654 + 26 35 + 25 210.5 + 113.9 
4 10* 176 + 110+ li4+ 112 621 + 27 21 + 20 ~ 


PaO,, AaDỌO;,, age on ECMO and time on ECMO are mean + SD. 
PaO, is expressed as mm Hg. 


may have resulted in significant mortality that is poten- 
tially reversible. 

Significant pulmonary hypertension with secondary 
vasoconstriction is not the sole cause of pulmonary de- 
terioration. Morphologic and physiologic studies have 
implicated pulmonary hypoplasia as a major contributing 
factor to the mortality of these infants. Stolar et al.” have 
suggested that ECMO in a patient with a PCO, (mmHG) 
value of more than 50 Torr or a highest pre- or postducta! 
PaO, (mmHg) of less than 100 may be contraindicated. 
Bohn et al.” reported a useful technique of predicting sur- 
vival in patients before surgery that is related to an index 
of alveolar ventilation. His formula plots PaCO, (mmHg) 
versus VI and classifies patients into one of four groups. 
When this formula was applied to our patients before sur- 
gery, it was relatively accurate at predicting the subsequent 
survival rate of the patients who required surgery only. 
However when the PaCO, (mmHg) and VI values before 
ECMO were plotted using his criteria, there was a marked 
discrepancy between actual and predicted survival. Heiss 
et al.'* have reported that Bohn’s criteria may be useful 
or of prognostic value if ECMO is not available, but they 
can not be used reliably in patients treated with ECMO. 
Newman et al.'° have recently noted many previously 
reported categories of high mortality rate (best preductal 
PaO, (mmHg) of less than 100, early prenatal diagnosis, 
prosthesis repair, and Bohn’s 100% predicted mortality) 
may have a successful outcome when ECMO was used. 
Based on these reports and our experiences, we believe 
, the infant who survives the delivery room resuscitation 
and the surgical repair of the CDH is an ECMO candidate. 

Selective use of ECMO has probably excluded some 
~ infants who were potential survivors. Expedient transfer 
of the patient to an ECMO center before deterioration 
(whether it be before or after surgery) is of paramount 
importance. Hestitation or delay in transfer should be 
avoided. Our data demonstrate that of the 10 patients in 
our series who did not receive the potential benefit of 
ECMO, two were nonviable from the beginning. However 
eight patients were acceptable candidates for ECMO. Of 
these eight potential candidates, statistical analysis suggests 
that six of these infants may have survived. In fact the’ 


* Two infants had no values obtained because they died in the delivery 
room. 
+ Only six infants in group 4 had preductal values obtained. 


mean age of death in these eight infants was 26.8 hours, 
more than adequate time for repair, transfer, and potential 
ECMO. The data of Weber’ support this concept because 
he clearly states that no parameter in his study could pre- 
dict death in their ECMO patients and, therefore, no pa- 
tient should be excluded from repair or from ECMO. The 
obvious exclusion criteria in our study was the death of 
the patient either before or during transport. 

The concept of antenatal diagnosis of diaphragmatic 
hernia has fascinating implications. The capability of in 
utero transfer to the ECMO center reduces the potential 
morbidity and mortality of transport from an outlying 
hospital. Although the infant arrives at the ECMO center 
transported in utero, this does not guarantee survival. Ad- 
zick et al.!! reported that 8 of 10 infants with in utero 
transport died: Heiss et al.,'* in contrast, reported that 
seven of nine (78%) survivors who were transported in 
utero survived. 

In our series five infants had the antenatal diagnosis of 
diaphragmatic hernia. Of these five, three underwent 
ECMO after surgical repair, with two infants surviving. 
Two infants died while in the delivery room. 

We believe that our data support the concept that in- 
fants undergoing surgical repair of a diaphragmatic hernia 
where ECMO'is not available should be transferred to an 
ECMO center in the early postoperative period. Further- 
more we believe that infants with the prenatal diagnosis 
of diaphragmatic hernia should be delivered at a center 
where surgical and ECMO expertise is available. 
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Dr. J. ALEX HALLER, JR. (Baltimore, Maryland): First I would like 
to correct Dr. Walter Merrill retrospectively to his earlier paper because 
his statement that 43% of Americans will reach 80 years of age is untrue 
because he apparently is not considering babies under 1 month of age 
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of age because those statistics by the various life insurance companies 
do not include babies under | month of age. Thus the other frontier, 
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He was kind enough to provide the manuscript to me several weeks 
ago, which has given me the opportunity to become more nervous about 


. what I might like to sav, but more importantly, he has given me a time 


to have some of our statisticians look at his complicated data. 

Onr statisticians indicate that his figures are correct. 

Dr. Howell’s thesis is an important one, that all babies who have a 
diagnosis of congenital diaphragmatic hernia before or after birth should 
be managed in neonatal surgical centers where ECMO is available. 

Does his data support that thesis? It has a profound impact on many 
very fine surgeons in this auditorium who can certainly close holes in 
the diaphragm! 

Is there a significant advantage to having such babies in neonatal units 
where intensive care and other forms of support are routinely available 
to them? 

This technology called extracorporeal membrane oxygenation, has, I 
believe, been looking for a disease for many years! Whether it has found 
it yet remains to be seen. 

Most of Dr. Howell’s patients were being treated for meconium as- 
piration syndromes. Life-threatening meconium aspiration reflects poor 
obstetrical care, and therefore, I think an important adjunct to this pro- 
posal that there be in the same ECMO centers, excellent obstetrical pro- 
grams, including continuous medical education to decrease this pre- 
ventable complication. 

How about babies with congenital diaphragmatic hernia? He has shown 
us that with the use of this ECMO technology, there is better than a 50% 
survival rate, but just barely better. When Dr. Robert Gross first reported 
his series in the 1940s from the Boston Children’s Hospital, there was a 
50% survival rate! Many things have changed since then because many 
of Dr. Gross’ patients survived longer than 24 hours in outlying areas 
and selected themselves as survivors. Dr. Gross noted that the real chal- 
lenge was in those babies less than 24 hours of age, the group in which 
Dr. Howell is using ECMO. 

Technically more than one third of Dr. Howell’s patients required the 
use of a prosthetic material in the repair in the hole in the diaphragm, 
which is more than most of us have in our own experience. What are 
your indications, Dr. Howell, for the use of prosthetic material? 


RECENT EXPERIENCE WITH DIAPHRAGMATIC HERNIA AND ECMO 797 


genital diaphragmatic hernia in 93 infants. J Ped Surg 1987; 22: 
1150-1154. 

11. Benacerraf BR, Adzick NS. Fetal diaphragmatic hernia: ultrasound 
diagnosis and clinical outcome in 19 cases. Am J Obstet Gynecol 
1987; 156:573-576. 

12. Nakayama PK, Harrison MR, Chinn DH, et al. Prenatal diagnosis 
and natural history of the fetus with a congenital diaphragmatic 
hernia: initial clinical experience. J Ped’ Surg 1985; 20:1 18-124. 

13. Connors RH, Tracy T Jr, Bailey PV, et al. Congenital diaphragmatic 
hernia repair on ECMO. Presented 58th Annual Meeting, Section 
of Surgery, American Academy of Pediatrics, October 21-23, 
1989, Chicago, IL. 

14. Heiss K, Manning P, Oldham K, et al. Reversal of mortality fcr 
congenital diaphragmatic hernia with ECMO. Ann Surg 1989; 
209:225~230. 

15. Newman K, Anderson K, Vann Meurs K, et al. Extracorporezl 
membrane oxygenation and congenital diaphragmatic hernia: 
which infant should be excluded? Presented at 58th Annual 
Meeting, Section on Surgery, American Academy of Pediatrics, 
October 21-23, 1989, Chicago, IL. 


What would be the outcome of these children in your region who had 
the repair of their diaphragmatic hernias in outlying hospitals if they did 
not require referral to you? In other words, you have shown us that those 
babies who came late or after operative repair have a much higher mor- 
tality rate. Do you know how many children at the same time were 
operated on successfully in those same centers and who were not referred 
to you? That is a statistic that we did not hear and the one that would 
convince me that your thesis is correct. 

Finally, what are you doing about regional leadership in all aspects of 
this prenatal and postnatal diagnosis? Do you have in place a regional 
system that brings the high-risk pregnant mother into your center to 
make available to them as early as possible these modern forms of tech- 
nology? 

Have you indicated to the various referring hospitals that your team 
is ready? What do you believe is the responsibility of a neonatal surgeon 
in such a regional program? 


Dr. KEITH E. GEORGESON (Birmingham, Alabama): When you con- 
sider what Dr. Haller just mentioned that 30 years ago the mortality rate 
was reported as 50% and more recently that mortality rate has been 
climbing, it is refreshing to hear a paper describe a technique that is 
reversing that trend. 

The reason that ECMO is successful, I believe, is because oxygen 1s a 
potent pulmonary vasodilator and most of our congenital diaphragmati> 
hernia patients die of persistent pulmonary hypertension. 

We have been extremely impressed with the efficacy of ECMO as well, 
and for the last 2 years have been using a slightly different protocol. 
Instead of immediate repair of the diaphragmatic hernia, we have delayed 
repair depending on conventional medical management and ECMO to 
stabilize the patient. Those patients who stabilize with conventional 
management are managed with ECMO. Those patients who do not sta- 
bilize are placed on ECMO once they meet criteria. 

Using this protocol and taking patients who are symptomatic im- 
mediately at birth, that is they are cyanotic right at birth, we have taken 
a mortality rate that was initially 80% and dropped it to 45%. 

Do you have exclusion criteria or do you put all patients who have 
reached your center on ECMO if they meet the criteria? In other words, 
do you exclude nonresponders from ECMO? 

Have you ever repaired any of your patients while on ECMO, and do 
you think there is any place for this technique? 

Wouldn’t you prefer to have the patients referred to you before hernia 
repair? When we were reviewing our own patients, we found that we 
had lost a number in the operating room or before going to the operating 
room, just from logistical delays. 

What percentage of your patients do you think have such profound 
pulmonary hypoplasia that they would not respond to ECMO? 
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Dr. CHARLES G. HOWELL (Closing discussion): Dr. Haller, what would 
be the outcome for a child in our region who was not referred for ECMO 
who had surgical repair elsewhere, and didn’t require ECMO? 

We have talked with our referring centers, and that data is as hard to 
get as you can imagine. The issue that I tried to address with them is 
that I can’t convince them not to operate on the child in their center. 
What I have tried to do is to convince them that if they do that and the 
patient does survive, to then refer them without delay. Don’t wait to see 
if they deteriorate. Don’t hesitate. Don’t procrastinate but go ahead and 
refer the child at that point in time because the average age of death of 
the infants in group 4, the pre-ECMO deaths, was 26.8 hours, which is 
more than adequate time for delivery, stabilization, repair, and a flight 
to an ECMO center. 

The regional management of the State of Georgia, with regard to neo- 
natology, has been established by one of the authors on this paper, William 
P. Kanto. Bill was in charge of regionalization for the State of Georgia 
for many years and the care is worked out very well for medical problems, 
but not for surgical problems. Surgical problems seem to filter to the 
areas that have a surgeon who does pediatric surgery, and it is that area 
of regionalization that we have not been able to change. 

We were hoping that the work that we are doing as well as other 
ECMO centers are doing will cause a change, and as Keith suggested in 
his last question, (Would I prefer to get the patient before surgical repair?) 
the answer to that is yes. I am unable to mandate referral as is any one 
else, but I think that in due time this will change. 


_Dr. Georgeson’s question, do you have exclusion criteria for infants ' 


_ besides the basic ones of gestational age and uncorrectable anomalies 
and parental refusal of therapy? We don’t at this time. We too are realistic. 
We don’t have any survivors with a PCO? of more than 100, but we do 
have survivors in Dr. Desmond Bohn’s group C, the predicted 100% 
mortality. 
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I am hesitant to recommend exclusion numbers, whether it be PO?, 
ventilation index, PCO’, or whatever. Our experience, as well as the 
Washington group’s, has noted survivors in patients who have met pre- 
viously published criteria for exclusion. 

Have we repaired any patients while on ECMO? We have not had the 
pleasure of doing that yet. We have two infants in utero right now, and 
will certainly consider its use if appropriate. 

We have experience with other surgical procedures while on ECMO 
for other conditions, and it can be associated with more than the usual 
bleeding. 

Wouldn’t you rather have patients before ECMO? I certainly would, 
and I would welcome the opportunity for the people in our referral area 
to send the infants to us antenatally, if they know, and if not, shortly 
after birth. 

What percentage of our infants have pulmonary hypoplasia so severe 
that they would not respond to ECMO? We reviewed the autopsies on 
all nonsurvivors. Of those autopsy cases, we had two infants who died 
in the delivery room, which I mentioned earlier. One had 5 g total lung 
tissue, 3 g on right side and 2 g on the left side. The other had 4 g on 
right side and 2 g on the left side. 

I don’t think that any significant increase in lung growth would have 
occurred in 7 to 10 days in those two infants. I don’t know how to predict 
such a severe pulmonary hypoplasia except to say that those two babies 
were in trouble from the minute they were born, and could not be re- 
suscitated. They didn’t even live long enough to be transported to the 
neonatal ICU to consider ECMO. 

When we reviewed the lung weights in the remaining deaths, we noted 
a range of 30 to 110 g of Jung tissue. As Dr. Haller and I have discussed 
earlier, I don’t know how much lung tissue is in the babies that do survive, 
so I can’t compare it to those who died. 
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For more information 
on CLASSIFIED ADVERTISING, 


call KATHLEEN PHELAN, 
(215) 238-4215. 





ALL SURGICAL SPECIALTIES, North & South Carolina, 
Florida, Delaware, nationwide. Dr. Len Goodman, P.O. Box 
25786, Charlotte, NC 28229. 704-536-2527. 


ASSISTANT PROFESSOR OF SURGERY/ONCOLOGIC— 
The University of South Florida Department of Surgery and the H. 
Lee Moffitt Cancer Center & Research Institute is currently seeking 
a qualified surgeon at the Assistant Professor level within the 
Division of General Surgery to be based at the H. Lee Moffitt Cancer 
& Research Institute. The Cancer Center is a three year old, free 
standing 162 bed teaching and research facility located on the 
University’s main Tampa campus. Applicants for the position should 
be eligible for licensure in Florida and board eligible or certified in 
surgery. Preference will be given to individuals who have a 
documented interest in oncologic surgery, teaching and research, 
demonstrated clinical competence in the care of adult patients in 
both inpatient and outpatient settings, and experience in University 
teaching programs. Subspecialty training in surgical oncology is 
desirable. Salary and academic rank depend on qualifications and 
are competitive for the region. For further information or application 
contact Richard C. Karl, M.D., USF Department of Surgery, 
12901 N. 30th Street-MDC Box 16, Tampa, Florida 33612. The 
University of South Florida is an Equal Opportunity Employer. 
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BC GENERAL SURGEON— Midsouth: Chief of Surgery, Direct 
7 staff, major abdominal, ambulatory, 187-bed VA Medical Center 
in NW Arkansas, State University sports, cultural events. Lakes and 
mountains. Competitive salary. Benefits include vacation, SL/ 
insurance, retirement, no mal-practice. Contact: Chief of Staff, 
501-444-5050. 


B.C. trained surgeon for group practice, intermountain west. 
Includes vascular, peds, endoscopy. Small town, excellent recreation, 
regional medical center. Send.CV to Box ANN6C, J.B. Lippincott 
Company, East Washington Square, Philadelphia, PA 19105. 


BC-BE GENERAL SURGEON with Thoracic Training/Expe- 
rience to join two General/Vascular Surgeons in Virginia. Reply to: 
Box ANNG6E, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 


BC/E GENERAL/THORACIC SURGEON—CALIFOR- 
NIA: We need a General Surgeon who is also trained in Thoracic 
Surgery and interested in an excellent practice doing General and 
Thoracic Surgery (no open heart). We offer the opportunity to 
establish your own private practice with no investment, guaranteed 
income. Well equipped 112 bed full service hospital. A growing area 
with new businesses and stable economy. Our service area popula- 
tion is now 90,000. Located in central California near Sequoia 
National Park, Tulare offers an excellent family-oriented lifestyle 
with all expected amenities. Beautiful homes, located close to 
hospital and office, are affordably priced. Good schools, many 
community activities and abundant recreation including golf, tennis, 
skiing, mountain and equestrian activities. Easy access to all 
California’s major metropolitan and resort areas. Please contact: 
Tulare District Hospital Physician Recruiting Office, RO. Box 
90112, Los Angeles, CA 90009; 213-216-2687. 





CHAIRMAN, Community teaching hospital affiliated with Yale 
University serving a growing Southern Connecticut community 
seeks an accomplished Board Certified General Surgeon to lead its 
Department of Surgery. Position offers opportunity for part time 
clinical practice. Applicants must have experience administering 
quality assurance and surgical training program. Experience plan- 
ning and implementing new surgical programs and services pre- 
ferred. Competitive compensation commensurate with experience 
offered. Forward letter of application and Curriculum Vitae to: 
Valentine Deduk, M.D., Medical Director, Griffin Hospital, 130 
Division Street, Derby, Connecticut 06418. 


GENERAL/ VASCULAR SURGEON—BC/BE with fellowship 
in peripheral vascular surgery to join a busy, five-physician surgery 
section in a large multispecialty group practice. Located in attractive 
Bluegrass region of Kentucky. Competitive salary and benefits 
leading to partnership. Send CV to: Martha Riddell, Lexington 
Clinic, 1221 S. Broadway, Lexington, KY 40504. 


HELENA MONTANA—General Surgeon: BC in General Surgery, 
VA Medical Center, Fort Harrison, Montana, 59636, just outside of 
Helena. No overhead costs, excellent benefits: retirernent (tax 
deferred and matched options), malpractice, life, and health insur- 
ance, liberal annual and sick leave. Contact Faust Alvarez, MD, 
Chief of Staff, or Carrie Engle in Personnel, at VA Medical 
Center, Fort Harrison, Helena, MT, 59636, (406) 442-6410, Ext. 
7308, or 7562. VA is an Equal Opportunity Employer. 


INDIANA: General and Vascular Surgeon, (BC/BE)—-Busy and 
stable six (6) man department in 60 M.D. multi-specialty group, 
minutes from Chicago, looking to ADD and SHARE responsibil- 
ities with well-trained general and vascular surgeon. Captive on-site 
referral base from more than 35 primary care associates. Excellent 
diagnostics and support from well equipped Radiology depart- 
ment-—from routine to total CT scan. Complete lab and out-patient 
Surgery Center on site. Partnership in one year—No buy in. With 
existing incentive formula could be one of highest earners in group. 
Excellent career opportunity for group oriented M.D. most liberal 
vacation/PG allowance. Malpractice and fringes Clinic paid. 
Community, schools, and location ideal for family. Send resume to: 
T. R. Hofferth, Administrator, The Hammond Clinic, 7905 
Calumet Avenue, Munster, IN 46321, (219) 836-5800. 


MAINE: BC/BE General Surgeon with vascular training and 
interest to affiliate with highly qualified, 40-member primary care, 
subspecialty medical staff and modern hospital facility located in 
progressive northern Maine university community. Competitive 
income guarantee with excellent fringe benefits and complete 
practice management support available in the establishment of 
practice. Please forward C.V. to John Ginty, Jr., The Aroostook 
Medical Center, RO. Box 151, Presque Isle, ME 04769. 


NORTH CAROLINA—General/Vascular Surgeon sought to join 
extremely busy practice outside the Raleigh/Durham area. High- 
lights include new outpatient facility and area lake. Send CV to: 
Janet Clayton, AM Care, P.O. Box 2816, Durham, NC 27715; 
or call 800-477-0600. 





OPPORTUNITY in Orthopedics available for prelim. PGY-2 
Surgical Resident. Extensive experience offered in outpatient and 
inpatient orthopedic surgery. Credit for general surgery for part of 
the year can be arranged by rotations on Surgery. Position offered 
on annual basis beginning 1 July 1990. Will C. Sealy, M.D., Chief 
of Surg., Med. Ctr. of Central Ga.. BO. Box 6000. 31208. 


- MOBILE, ALABAMA: The University of South Alabama College 
of Medicine currently seeks a Pediatric Surgeon with a strong 
commitment in. patient care, teaching and research. Candidate will 
be a fully-trained pediatric surgeon who is BC/BE. Faculty rank 
determined based on experience. Direct inquiries should be made to: 
J. Raymond Fletcher, M.D., Ph.D., Professor and Chairman, 
Department of Surgery, University of South Alabama, College 
of Medicine, 2451 Fillingim Street, 721 Mastin Building, Mobile, 
Alabama 36617. The University of South Alabama is an affirmative 
action/equal opportunity education institution. 


ORTHOPAEDIC SURGEONS NEEDED IN SOUTHERN 
ATLANTIC STATES. Practice opportunities available for BC/BE 
orthopaedic surgeons in the Carolinas, Virginia, and Maryland. Send 
C.V. to SUNHEALTH-5, PO. BOX 668800, Charlotte, NC 
28266-8800 or call Ken Pittman at 704-529-3300. 


_ CHAIRPERSON DEPARTMENT OF SURGERY—New 
Rochelle Hospital Medical Center: New Rochelle Hospital Med- 


~ ical Center—a 350 bed community hospital affiliated with New 


` York Medical College with fully approved five-year surgical 
residency program, providing, in addition, Primary Surgical Clerk- 
ships and ICU Surgical Electives for Medical Students—is presently 
seeking candidates for Chairperson of the Department of Surgery. 
Applicants should be Board Certified in General Surgery and should 
have experience in Graduate Medical Education, Clinical Research, 
and Administration. Candidates should have requisite academic 
qualifications for appointment to rank of Full Professor at New York 
Medical College. CVs and nominations should be sent to: Norman 
J. Silver, M.D., Chairman, Surgical Search Commitiee, Medical 
Staff Office, New Rochelle Hospital Medical Center, 16 Guion 
Place; New Rochelle, New York 10802. New Rochelle Hospital 
Medical Center is a Major Affiliate of New York Medical College 
and an Affirmative Action/Equal Opportunity Employer. 


Fellowship in cardiovascular surgery for 1 year available January 


I or July 1 with group doing approximately 1,000 cardiac. 


procedures per year and large volume of vascular procedures. ABS 
eligible or certified, California medica] license required or readily 
. obtainable. Ideal for a person between general surgery residency and 
thoracic surgery residency. Please respond with curriculum vitae to 
Bradley J. Harlan, M.D., 5301 F Street, Suite 312, oer 
CA 95819. 


GENERAL AND PERIPHERAL VASCULAR SURGEON to 
join two man group in Fort Lauderdale, Florida. Reply with C.V., 
Box ANN6B, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





GENERAL AND VASCULAR SURGEON/MILWAUKEE: 
Highly successful staff model HMO seeks a BC/BE general and 
vascular surgeon for an internal department of general and vascular 
surgery. Competitive salary and benefits. Please reply: Kenneth 
Scher, M.D., EA.C.S., Family Health Plan, 11524 W. Theo 
Trecker Way, Milwaukee, WI 53214, (414) 256-5691. 





GENERAL SURGEON: Busy, 3 MD surgical practice seeking 
_BC/BE, university trained general surgeon with vascular experience. 
377 bed hospital in fast-growing north coastal San Diego county. 
New office adjacent to hospital in Fall, 1990. Send CV to: North 
County Surgical Assoc, 3998 Vista Way Suite B, Oceanside, CA 


ones 


GENERAL SURGEON: Looking for the right community that 
provides the time to enjoy your family and affords you the ability . 
to make a reasonable living? Lovington, New Mexico is located in 
the southeast corner of the state. The community is very family 
oriented and a great place to raise your children, with the values you 
want to instill in them. The practice is as busy as you would like it 
to be and allows you to control your time. Income guarantees and 
financial assistance are available. Send your CV to: Bili Norris, 
Physician Recruitment, Southwest Community Health Services, 
PO Box 26666, Albuquerque, NM 87125, or call 1-800-545- 
4030, ext. 6320, | 

! 

| 
GENERAL/RENAL TRANSPLANT SURGEON: To join busy 
two man clinical practice, Rocky Mountain Region. Attractive 
financial offer, office completely computerized/automated. Innova- 
tive medical staff attends two hospitals, 750 beds combined; one with 
established Renal : ‘Transplant Program. Broad general surgical 
experience, renal transplant training, and academic approach to 
clinical practice a must. Send C.V. to Box ANN6D, J.B. Lippincott 
Company, East Washington Square, Philadelphia, PA 19105. 





SURGEON LEADER desired for Director and General Surgery 
Residency Program Director, Department of Surgery with a well- 
established Philadelphia area medical school-affiiated community 
hospital. The Department has over 60 attendings representing a full 
complement of subspecialties, and trains 14 residents through a fully 
accredited program. The search committee invites experienced and 
committed clinicians/educators with proven administrative and 
interpersonal abilities that promote clinical competence, program 
development, and’ strong medical education. Candidates must 
qualify for a clinical faculty appointment at the Associate Professor 
level or above. For further information, or to submit a CV, contact: 
Valerie Wolpe, Fulton, Longshore & Associates, Inc., 527- 
Piymouth Road, Suite 410, Plymouth Meeting, PA 19462, (800) 
346-8397. ! 
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Senior Surgeon ‘(with/without subspecialty) needed for HMO 
multi-specialty Medical Group with offices in Cherry Hill, Medford, 
& Sewell (New Jersey/Philadelphia border). Two to five years 
experience preferred. Competitive salary, malpractice fully paid and 
full benefits package offered. Excellent opportunity for successful 
candidate. Please call or send CV to: Associate Medical Director, 


‘North Jersey Medical Group, P.A., 706 Haddonfield Road, 


Cherry Hili, NJ 08002; (609) 662-7707. 





| 
THE NEW ENGLAND DEACONESS HOSPITAL in conjunc- 


tion with the Harvard Medical School Department of Continuing 
Medical Educatién will sponsor a course enti-led “Treatment of 
Obesity: A Multi Disciplinary Approach” on October 4-6, 1990, to 
be held at the Copley Plaza Hotel in Boston. The course directors 
are George L. Blackburn, M.D., Ph.D., Albert Bathe, Jr, M.D., and 
Bruce Bistrian, M. D., Ph.D. For information contact Harvard 
Medical School, 641 Huntington Avenue, Boston, MA 02115, 

(617) 432- 1525. 


TRANSPLANTATION FELLOWSHIP: Nw Fellow position 
in large academic transplant center, performing renal, pancreas, 
cardiac and lung transplants. Position involves renal and pancreas 
clinical transplant experience, integrated with immunology, research 
and teaching. Candidate must be Board eligible or Board certified 
in General Surgery. To apply, send cover letter, CV and three 
reference letters to Box ANN6A, J.B. Lippincott Company, East 
Wachinetan Sanare. Philadeinhia. PA 19104. 


UCLA School of Medicine, Chief of Trauma and Surgical 
Critical Care: The UCLA School of Medicine is recruiting a board 
certified general surgeon to be Chief of Trauma and Surgical Critical 
Care. The UCLA Medical Center is a 711-bed, level 1 tertiary care 
center. The individual will direct the trauma service and coordinate 
critical care activities in the Departmen? of Surgery. These activities 
would include the development of a critical care teaching program. 


The position will be a University of California tenure track | 
` appointment (level to be negotiated) and the candidate will be 


expected to contribute to all academic programs in the Department 
of Surgery. Interested applicants should submit their curriculum vitae 
to Dr. Michael J. Zinner, Chairman, Department of Surgery, 
UCLA School of Medicine, 10833 LeConte Street, Los Angeles, 
CA 90024-1749. 


VIRGINIA—Chesapeake Bay area. BC/BE General Surgeons with 


' interest in Trauma Surgery sought for affiliation with major 


metropolitan medical center. Financial guarantees. Send CV to: 
Janet Clayton, AM Care, P.O. Box 2816, Durham, NC 27715; 
or call 800-477-0600. 


VIRGINIA: General/Vascular Surgeon sought to join practice with 
BC vascular surgeon. Demonstrated need ensures excellent growth 
potential. Lifestyle features small community with beautiful setting. 
Please call Jim Davis, 800-223-3659, or send CV To John Berry, 
Smyth County Hospital, PO. Box 889, Marion, VA 24354, 


VIRGINJA—Near Chesapeake Bay. General/Vascular Surgeon to 
affiliate with modern, successful community hospital. Send CV to: 


Janet Clayton, AM Care, RO. Box 2816, Durham, NC 27715; 


or call 800-477-0600. 


WISCONSIN-—-BC/BE General Surgeon with vascular capabili- 
ties to join active surgery department in 44-physician multispecialty 
group. Southern Wisconsin college community close to Chicago and 
Milwaukee. Guaranteed salary with incentive plus excellent fringe 
benefits. Please send C.V. to: James E Reuthling, Administrator, 
Beloit Clinic, S.C., 1905 Huebbe Parkway, Beloit, WI 53511; 
(608) 364-2200. 


INDEX to ADVERTISERS 


Australian American Surgery 
Classified Advertising........ 13A-15A 
Community Health Plan..........00. 
Kaiser Permanente............ ‘cade lon 
Long Island Jewish . 

Medical Cemer... PETTE 2A 
Merck, Sharp & Dohme... ores 3-4 
MOSS TUBES... .GA-7A 
NeoRx Corp........... EEE re 
Northeast Permanente 

Medical Group... ense „16A 
Squibb...... 
Stuart Pharmaceuticals...Cover2-1A 
University of Chicago... 16A 





Australian 
American 


Surgery 
Meeting 


We invite you to join in this 
Study tour in Australia 


October 10 - 27, 1990 


For full details, please contact 
International Medical Seminars 
PO. Box 1209, Santa Ynez, CA 93460 
Call toll-free: 800 551-0019 
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GENERAL SURGEON 
WHITE PLAINS AREA 


Northeast Permanente Medical Group, P.C. of NY is 


_ seeking a BC/BE General Surgeon to join its group in 


the White Plains area. We are a multi-speciality group 
based in West Chester County and are associated with 
one of the most successful HMO’s in the country. 


We offer: 


Excellent salary and outstanding benefits 
Group-paid full coverage malpractice insurance 
Membership in a 90+ physician group 

Rapidly growing prepaid membership 
(currently over 100,000) 

e An environment that encourages innovative 
approaches to health care delivery 


Send Curriculum Vitae to: 


Karen Arthur, M.D. 
Chief, Surgery 
NPMG 


76 Batterson Park Road 
P.O. Box 4011 
Farmington, Connecticut 06034-4011 


py i ae THE PERMANENTE MEDICAL GROUP. 
ea an) | - NORTHERN CALIFORNIA | 


GENERAL SURGEON. : te Pesta Mone a e o. 
New York State F Quanity! Mbispecialty group practice in the US, is 


Capital Region 


undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, 


| CHP, a leader in physician managed, prepaid health care o aneno ane he Centar valley GUF Tapie 
. -inthe Northeast, is looking for a fifth General Surgeon to. SraBrLıty increase in membership has created practice 
3 join a well-established surgery department at our multi- opportunities throughout the region for 
- specialty center near Albany, New York. | additional BC/BE Surgeons. ` 
Our surgeons are university trained, board certified Our physician- d TE 
physicians who joined CHP because they value LEADERSH ae i oie eae Sa oR 
“having a referral practice with autonomy in manag- | Program. As a TPMG physician, you have access 
ing the clinical decisions; : a tothe latest medical technology and resources, 
* working witha team of well trained colleagues with : the support of colleagues in all subspectalties — 
_ whom they discuss clinical issues rather than reim- | ! dih ee d lent health 
_ bursement problems; 73 sa mein me an E ERCARENEACAN 
* quality cross coverage and built-in time off for a | See pee er eno an a ae 
personal, family fife; SUPPORT TPMG offers many benefits: scheduled time 
* living in the Capital Region which offers multiple | off with cross-coverage provided by your col- 
cultural, educational and recreational opportunities leagues, malpractice insurance, a substantial 
ontreal. physicians transferring from established practice. 
For more information please contact: | Please call or send CV to: The Permanente 
Mary Brand . } Medical Group, Inc., Richmond Prescott, M.D., 
Physician Recruiter ! Physician Recruitment Services, Dept. AS-7310 
` Community Health Plan i p ' 
y | PERMANENTE 1814 Franklin, 4th Floor, Oakland, CA 94612. . 
1201 Troy-Schenectady Road (800)777-4912. EOE 
Latham, New York 12110. l 
800/544-4435 





THE UNIVERSITY OF CHICAGO 


CURRENT ISSUES IN BREAST CANCER MANAGEMENT 
“October 4-6, 1990 - The Drake Hotel - Chicago, Illinois 
ee l |. , 
y Conference Directors: Samuel Hellman, MD and Monica Morrow, MD 


a | | 
Breast cancer is the most common malignancy in American women and nowhere in oncology have 
there been so many changes in our understanding of the prevention, diagnosis and treatment of 
‘disease. Topics will include: the role of diet, alcohol and estrogens as etiologic factors and 
strategies for primary prevention; cost effectiveness of screening mammography; chemotherapy 
as a primary treatment for operable breast cancer; the treatment of intraductal carcinoma; 

_ Issues in breast conservation and treatment of node negative breast cancer. 


S Faculty l 
Martin Abeloff, MD | Brian Henderson, MD | William McGuire, MD 
Jacob Bitran, MD Maureen Henderson, MD: Anthony Miller, MD ` 
Eugene DeSombre, PhD . - Philip C. Hoffman, MD Michael Osborne, MD 
John Glick, MD David Kinne, MD `. | P. Peter Rosen; MD 
Geoffrey Greene, PhD Daniel Kopans; MD | | ©. Robert Schmidt, MD 
Katherine Griem, MD Thomas Krizek, MD | Meir Stampfer, MD. 
Jay ESRA MD. pey! McCormick, MD Umberto Veronesi, MD 


— Weichselbaum, MD | 
For further EE contact: 
The University of ia Center for Continuing Medical Education 3 12) 702-1056 











A SUCCESSFUL TREATMENT OUTCOME 


FOR MANY PATIENTS* 


INTRAVENOUS 


IN 





(Imipenem-Cilastatin Sodium|MSD) 


*In one study, 90% of 135 patients with clinical signs of infection and two positive blood 
cultures were cured or improved (66% Cured, 24% Improved). Eron, L. J.: Imipenem/ 
cilastatin therapy of bacteremia, Am. J. Med. 78(Suppl. 6A): 95-99, June 7, 1985. 


Contraindications: PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) is contraindicated in 
patients who have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylactic) REAC- 
TIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. 
THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN HYPERSENSI- 
TIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED 
WITH ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH ‘PRIMAXIN,’ CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OTHER BETALACTAMS, AND OTHER ALLERGENS. IF AN 
ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRIMAXIN: 
therefore it is important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe Cases, management may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, anc the use of a drug such as oral vancomycin, 
as ae Isolation of the patient may be advisable. Other causes of colitis should also be 
considered. 


Precautions: General- CNS adverse experiences such as confusional states, myoclonic activity, 
and seizures have been reported during treatment with PRIMAXIN, especially when recom- 
mended dosages were exceeded. These experiences have occurred most commonly in patients 
with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised renal func- 
tion. However, there have been reports of CNS adverse experiences in patients who had no rec- 
ognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing hemo- 
dialysis, had a higher risk of seizure activity when receiving maximum recommended doses than 
those with no impairment of renal function; therefore, maximum recommended doses should 
be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN unless 
hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs the 
potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy if 
not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it should 
be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient's condition is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. While PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic assessment of organ 
system function during prolonged therapy is advisable. 


Drug Interactions - Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recommended 
that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or physically added to other antibiotics. However, 
Ailes may be administered concomitantly with other antibiotics, such as aminoglyco- 
sides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility - Gene toxicity studies were performed in 
a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mammalian 
cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


ty pista toe tests in male and female rats were performed with PRIMAXIN at dosage levels up 
to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted to the 
highest dosage level. No other adverse effects were observed on fertility, reproductive perfor- 
mance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse effects on 
in fetus or on lactation were observed when PRIMAXIN was administered to rats late in gesta- 
ion. 


Pregnancy - ys habei Category C: Teratogenicity studies with cilastatin sodium in rabbits and 
rats at 10 and 33 times the usual human dose, respectively, showed no evidence of adverse 
effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth or behav- 
ior was observed in rats given imipenem at dosage levels up to 30 times the usual human dose. 


Similarly, no evidence of adverse effect on the fetus was observed in teratology studies in rabbits 
with imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN* (Imipenem-Cilastatin Sodium, MSD) at doses up to 11 times 
the usual human dose in pregnant mice and rats during the period of major organogenesis 
revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to PRIMAXIN (including emesis, 
inappetence, body weight loss, diarrhea, and death) at doses equivalent to the average human 
dose in pregnant rabbits and cynomolgus monkeys that is not seen in nonpregnant animals in 
these or other species. In other studies, PRIMAXIN was well tolerated in equivalent or higher 
doses (up to 11 times the average human dose) in pregnant rats and mice. Further studies are 
under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in pregnant women. PRIMAXIN 
should be used only if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers — It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is administered 
to a nursing woman. 


Pediatric Use - Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients treated in 
clinical trials were severely ill and had multiple background diseases and physiological impair- 
Lettre making it difficult to determine causal relationship of adverse experiences to therapy with 
PRIMAXIN. 


Local Adverse Reactions — Local adverse Clinical reactions that were reported as possibly, prob- 
ably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis (3.1%), 
pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration (0.2%), 
infused vein infection (0.1%). 


Systemic Adverse Reactions - The most frequently reported systemic adverse clinical reactions 
that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea ee vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension (0.4%), 
seizures (0.4%) (See PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2%), 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely drug 
related occurring in less than 0.2% of the patients or reported since the drug was marketed are 
listed within each body system in order of decreasing severity: Gastrointestinal - 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, hepatitis (rarely), gastroen- 
teritis, abdominal Jig eae tongue papillar hypertrophy, heartburn, pharyngeal pain, 
increased salivation; CNS — encephalopathy, tremor, confusion, myoclonus, paresthesia, ver- 
tigo, headache, psychic disturbances; Special Senses - transient hearing loss in patients with 
impaired hearing, tinnitus, taste perversion; Respiratory—chest discomfort, dyspnea, hyperven- 
tilation, thoracic spine pain; Cardiovascular — palpitations, tachycardia; Skin — toxic epidermal 
necrolysis (rarely), erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole — polyarthralgia, asthenia/weak- 
ness; Rena/—acute renal failure (rarely), oliguria/anuria, polyuria. The role of PRIMAXIN in 
changes in renal function is difficult to assess, since factors predisposing to pre-renal azotemia 
or to impaired renal function usually have been present. 


Adverse Laboratory Changes — Adverse laboratory changes without regard to drug relationship 
that were reported during clinical trials or reported since the drug was marketed were: Hepatic — 
increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic — increased eosino- 
phils, positive Coombs test, decreased WBC and neutrophils, including agranulocytosis, 
increased WBC, increased platelets, decreased platelets, decreased hemoglobin and hemato- 
crit, increased monocytes, abnormal prothrombin time, increased lymphocytes, increased 
basophils; Electrolytes - decreased serum sodium, increased potassium, increased chloride; 
Renal - increased BUN, creatinine; Urinalysis — presence of urine protein, urine red blood cells, 
urine white blood cells, urine casts, urine bilirubin, and urine urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maximum 
total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, and 
single-dose ADD-Vantage* vials containing imipenem anhydrous and cilastatin sodium as fol- 
lows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem equiva- 
lent and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is not for direct infusion. 
Registered trademark of Abbott Laboratories, Inc. 





For more detailed information, consult He MSD Representative or see MERCK 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc.. OQHARPs 
West Point, PA 19486 J9PR40(409) DOHME 
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*In one study, 90% of 135 patients with clinical signs of infection and two positive blood cultures were cured 
or improved (66% Cured, 24% Improved). Eron, L. J.: Imipenem/cilastatin therapy of bacteremia, Am. J. 
Med. 78(Suppl. 6A): 95-99, June 7, 1985. 


PRIMAXIN is contraindicated in patients who have shown hypersensitivity to any component of this product. Before initiating therapy 
with PRIMAXIN, careful inquiry should be made concerning previous hypersensitivity reactions to penicillins, cephalosporins, other 
beta-lactams, and other allergens. If an allergic reaction to PRIMAXIN occurs, discontinue the drug. Serious hypersensitivity reactions 
may require epinephrine and other emergency measures. 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE INSERT.) 


INDICATIONS AND USAGE 

Treatment: CEFOTAN is indicated for the therapeutic treatment of the following infections when caused 

by susceptible strains of the designated organisms: 

Urinary Tract Infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 

mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 

rettgeri, and Morganella morganii). 

Lower Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 

Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 

(including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), E coli, Proteus 

mirabilis, and Serratia marcescens.” i 

Skin and Skin Structure Infections caused by Staphylococcus aureus (penicillinase- and nonpenicillinase- 

producing strains), oa lococcus epidermidis, Streptococcus pyogenes, Streptococcus species 

ab enterococci), F coli, Klebsiella pneumoniae, and Peptococcus* and Peptostreptococcus sp." 
ynecologic infections caused by Staphylococcus aureus (including penicillinase- and nonpenicillinase- 

producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), group B 

streptococci, E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding 8 distasonis, 

B ovatus, and B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 

Peptococcus and Peptostreptococcus species). f 

intra-abdominal Infections caused by £ coli, Klebsiella species (neuan eumoniae), Strepto- 

coccus species (excluding enterococci), Bacteroides species (excluding B distasonis, B ovatus, and 

B thetaiotaomicron), and Clostridium species.” 

Bone and Joint Infections caused by Staphylococcus aureus.“ 

"Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Laing may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with neeo have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

Note: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
earl l may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
Prophylaxis: The preoperative administration of CEFOTAN may reduce the incidence of certain post- 
operative infections in patients undergoing surgical procedures that are classified as clean contaminated 
or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilica! cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
ry ac J contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful Inquiry should be made to determine whether the 
patient has had lous hy sitivity reactions to c n disodium, cephalosporins, 

nicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 

ntibiotics should be administered with caution to any t who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 

S m antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. 
Prothrombin i. should be monitored and exogenous vitamin K administered as indicated. 


General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in overgrowth 
of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection does occur 
during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 

articularly colitis. 

nformation for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized by 
flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 
Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, t is — that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 
Drug/L Test interactions: A false positive reaction for glucose in urine may occur with 
Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
Creatinine reported. 

Carcinogenesis, sapere pore impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
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In intra-abdominal and gynecologic infection 


500 th sr (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and eenpal in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, eae at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant com (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

Usage in Pregnancy: nancy Category B: Reproduction studies have been performed in rats and 
pate at doses up to 20 times the human dose and have revealed no evidence of impaired fertility or 
harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used Sunog aba mpc only if clearly needed. : 
etan is excreted in human milk in very low concentrations. Caution 
should be exercised when cefotetan is administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
in clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (oh 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
= direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
ve 300), alkaline phosphatase (1 in an, and LDH (1 in 700). l j 
persensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
in 


1 in 700). 
{cal effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

During postmarketing experience with CEFOTAN, agranulocytosis, anaphylactic reactions, fever, 
hemolytic anemia, leukopenia, prolonged prothrombin time with or without bleeding, pseudomembranous 
colitis, and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATI 

Treatment: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 

















Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





“Maximum daily dosage should not exceed 6 grams. 


Prophylaxis: To prevent postoperative infection in clean contaminated or potentially contaminated 
apse adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

impaired Renal Function: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 














DOSAGE GUIDELINES FOR PATIENTS 
Cresnilia Cidirói WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 





*Dose determined p han type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: = 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
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"We desig maim my to ALA ENRON Oa 
compare tobramycin/clindamycin to GRAN ENEGA TIVE INFECTIONS 


imipenenvcilastatin for intra- 

abdominal infections. We included 
the Acute Physiology and Chronic Tobeamycin/Clindaaivein 
Health Evaluation (APACHE II) index 





of severity and excluded patients E |. f 

without established infection. Two S a 
hundred ninety patients were enrolled, E SN Pii 

of whom 162 were evaluable [81 E a E 
patients in each treatment group]. j 

Using logistic regression to analyze `` | N D E E 
both outcome at the abdominal site of | APACHE Il Score 

infection and outcome as mortality, Me Results for evaluable patients harboring 
found a significant correlation for both gram-negative organisms. APACHE II score - 
with APACHE II score (p<0.0001 for (X’=8.95, p=0.0028) and treatment (X?=5.65, 
both). Next we analyzed the residual p=0.0175) were both significant predictors of | 
effect of treatment assignment and failure for this patient group. 


found a significant improvement in 
outcome for imipenem/cilastatin- 
treated patients (p=0.043).” 


“This study supports inclusion of 
severity scoring in statistical 
analyses of outcome results.... 


“The differences in outcome were Imipenem/cilastatin was found to 
explained by a higher failure rate for be significantly more effective against 
patients with gram-negative organisms facultative gram-negative organisms 
for tobramycin/clindamycin-treated than tobramycin....” (Ann. Surg. - 
patients (p= 0.018).” 212:581-591, 1990.) 
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Antibiotic Treatment for Surgical Peritonitis 





DALE M. MOSDELL, M.D., DON M. MORRIS, M.D., ANNA VOLTURA, M.D., DAVID E. PITCHER, M.D., 
MELVIN W. TWIEST, M.D., ROBERT L. MILNE, M.D., BRIAN G. MISCALL, M.D., and DONALD E. FRY, M.D. 


The charts of 480 patients with secondary bacterial peritonitis 
were reviewed. The antibiotics used were compared with the cul- 
ture and sensitivity data obtained at surgery, and the outcomes 
of patients were evaluated. Patients treated with a single broad- 
spectrum antibiotic had a better outcome than patients treated 
with multiple drug treatment. Inadequate empiric antibiotic 
treatment was associated with poorer outcome than any other 
type of treatment. The outcome of this inadequate treatment. 
group could not be improved by any antibiotic response to cultare 
and sensitivity information after operation. Those patients treated 
with antibiotic coverage for anticipated organisms and having 
no cultures taken did as well as patients having cultures taken. 
Surgeons typically ignore culture data after operation, and only 
8.8% of patients in this study had an appropriate change in an- 
tibiotic treatment after operation. A benefit from obtaining op- 
erative cultures could not be identified. 


HE NECESSITY OF obtaining cultures of the peri- 

toneal cavity of patients with acute abdominal 

infections is held to be an absolute necessity by 
many surgeons. It is considered axiomatic that identifi- 
cation of the organisms present and their antibiotic sen- 
sitivities is vital to the care of the patient after surgery. 
Examining the results of intraoperative cultures, evalu- 
ating the organisms’ sensitivities, and making appropriate 
adjustments of antibiotic coverage are assumed to be nec- 
essary for good patient care. Now that the use of broad- 
spectrum antibiotics has become commonplace in the 
treatment of patients with peritonitis, the routine use of 
operative cultures has been questioned.!? In an attempt 
to evaluate the actual use of cultures and sensitivity results 
and their impact on patient care, we retrospectively ex- 
amined the charts of patients operatively treated for com- 
munity acquired bacterial peritonitis in Albuquerque, 
New Mexico for the period January 1, 1987 to December 
31, 1989. 





Address reprint requests to Dale M. Mosdell, Assistant Chief Surgical 
Service (112), Veterans Administration Medical Center, 2100 Ridgecrest 
S.E., Albuquerque, NM 87108. 


543 


From the Department of Surgery, University of New Mexico 
School of Medicine and the Albuquerque Veterans 
Administration Medical Center Albuquerque, New Mexico 


Materials and Methods 


The complete spectrum of the patient population at 
the five largest hospitals was evaluated, for the period Jan- 
uary 1, 1987 to December 31, 1989, by reviewing all cases 
from the University of New Mexico Hospital, the Veterans 
Administration Hospital, Lovelace Medical Center, Pres- 
byterian Hospital, and St. Joseph Hospital. 

Patients with acute onset of peritonitis requiring op- 
erative therapy were our target population. Patients with 
perforated appendicitis, perforated diverticulitis, gan- 
grenous or perforated gallbladders, gangrenous bowel that 
was potentially resectable for cure, perforated ulcer dis- 
ease, and small bowel perforations with established intra- 
abdominal infection were included in the study. Patients 
with peritonitis related to peritoneal dialysis, infected as- 
cites, and liver failure, primary peritonitis from a distant 
site, peritonitis incompletely or previously treated with 
antibiotics, and peritonitis occurring after an elective op- 
eration with antibiotic coverage were excluded. 

Microbiologic laboratory reports, physician progress 
notes, physician orders, operative reports, and pathology 
reports were evaluated in detail. Dates and results of mi- 
crobiology testing were compared with type and duration 
of antibiotic treatment and with progress notes to deter- 
mine any relationship. Cause of the peritonitis was noted. 

Complications reported were limited to those directly 
attributable to operative treatment or postoperative ab- 
dominal infections. Postoperative abscesses, fistulas, 
wound infections, wound dehiscences, eviscerations, and 
prolonged drainage were recorded. Indirect complications 
such as atelectasis, pulmonary embolus, nonfatal myo- 
cardial infarction, stroke, pneumonia, etc., although pos- 
sibly directly related to an operation, were excluded as 
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being due not to the specific diseases being studied or to 
modifications of the antibiotic treatment, but to operative 
procedures in general. 


After collection of all data, patients were divided into . 


categories based on empiric antibiotic treatment such as 
triple-drug therapy, double broad-spectrum combinations, 
or single broad-spectrum treatment. Empiric antibiotic 
therapy was defined as that regimen initiated at the time 
of operative intervention, and before the availability of 
any culture data. 

A second classification design compared empiric an- 
tibiotic choice and the culture results, which then per- 
mitted patients to be divided into five groups. An “A” 
classification indicated the antibiotics given were excessive 
for culture and sensitivity results, for example, ampicillin 
was used in treatment but no enterococcus was cultured. 
A “B” classification indicated the antibiotics used ade- 
quately covered cultured bacteria as per the sensitivity 
results. A “C” classification indicated the antibiotic choice 
was inadequate for the cultured bacteria based on sensi- 
tivity results, for example, Bacteroides fragilis was cultured 
but the patient received no anaerobic coverage. A “D” 
classification indicated the culture data were inadequate 
to classify the antibiotic choice, or the patients had no 
cultures taken. An “E” classification indicated an anti- 
biotic choice that was redundant, for example, treating 
an Escherichia coli culture with both gentamicin and 
amikacin. 

A third classification was established to divide the pa- 
tients according to the surgeon’s response to culture re- 
sults. We believe that culture results were used to modify 
patient care if additional drug or drugs were added to an 
existing regimen to deal with culture results and sensitiv- 
ities; deletion of drug or drugs from an existing regimen 
occurred; an entirely different antibiotic regimen was 
started; or all antibiotics were stopped in response to cul- 
tures, as in a no-growth culture. The patients were thus 
divided into three groups. Group 1 consisted of patients 
whose antibiotics were not changed after culture results 
returned. Group 2 consisted of patients whose antibiotic 
regimen was added to, deleted from, or whose regimen 
was changed in such a way that the organisms cultured 
were covered by the regimen. Group 3 patients had their 
antibiotic regimens changed but the change was inappro- 
priate as judged by the sensitivity results. It should be 
emphasized that the interpretation of the antibiotic selec- 
tion as being “appropriate” or “inappropriate” is strictly 
an interpretation with respect to the culture results ob- 
tained. It does not reflect any prejudice that the authors 
might hold for appropriateness of care. 


Results 


One thousand eight hundred thirty-one charts were re- 
viewed. The charts of 480 patients met our criteria for 
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inclusion in the study. The average age was 44.1 years, 
with a range from 1.5 to 99 years. There were 180 females 
and 300 males. The median duration of symptoms, before 
hospitalization, for the acute process that resulted in peri- 
tonitis and operation was 3.3 days. The average was 2.3 
days for patients with a perforated appendix, and 5.5 days 
for patients with a perforated colonic diverticulum. In all 
cases, a well-documented peritonitis existed at the time 
of operation. 

Among the 480 peritonitis cases, 281 were secondary 
to perforation of the appendix (Table 1). An additional 
130 patients had perforated colonic lesions from either 
diverticular disease or other colonic pathology (e.¢., per- 
forated colon carcinoma, cecal perforation from disten- 
tion, etc.). Among the “other cases identified in Table 1 
were perforations of the small intestine, perforated pseu- 
docysts, perforated necrotic intestine, (thought to be from 
other than vascular occlusion), perforated duodenum, and 
delayed recognition of stab wounds involving the intestine. 

The morbidity and mortality rates by anatomic site of 
the source of the peritonitis are detailed in Table 2. The 
mortality rate for all 480 patients was 6%. Intra-abdominal 
abscess rate was 10%. Wound dehiscence/evisceration oc- 
curred in nearly 4% of all patients. 

Only 326 patients (68%) had cultures taken intraoper- 
atively. Twenty-three of these were reported as no growth 
(6.7%), and nine culture specimens were “lost” before 
culture. Seven hundred eighty-one bacterial isolates were 
cultured from the remaining 294 cultures (2.6 bacterial 
isolates per culture). The most common bacteria identified 
were E. coli and B. fragilis (Table 3). The identified bac- 
terial species were consistent with other reports of peri- 
tonitis cultures in the literature.*~ 

For empiric antibiotic choice, a triple drug combination 
was chosen in 92 patients (19.2%), a double drug com- 
bination was chosen in 79 (16.7%), and 307 patients 
(63.1%) were treated with a single antibiotic (Table 4). Of 


TABLE 1. Descriptive Information of Anatomic Site of Operation 
That Resulted in Peritonitis in 480 Patients 


Average Age Length of Operation Length of Stay 
Anatomic Site (yr) (min) (days) 

Perforated appendix 

(n = 281) 33.2 + 1.4 70+ 1.93 8.4 + 0.4 
Perforated diverticulum 

(n = 98) 58.8 + 1.5 150+ 6.4 144.24 1.3 
Other perforated colon 

(n = 32) 613243.7 155 4 12.7 30.9 + 7.5 
Perforated ulcer 

(n = 26) 61.744] 95+ 8.1 11.3 + 1.8 
Perforated gallbladder 

(n = 13) 70.5 + 4.7 105 + 11.9 21.7 + 6.0 
All other {n = 30) 53.1 + 4.9 LiF + 12.3 20.6 + 3.49 
Mean {n = 480) 44.1 41.2 97+ 2.7 12.4 + 0.7 

Mean + SEM. 
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TABLE 2. Morbidity and Mortality Rates by Anatomie Site 
Wound Morbidity Intra-abdominal 
Anatomic Site Infection Dehiscence/Evisceration Abscess Reoperation Death 

i ; 3 (1.1%) 
Perforated appendix (281) 28 (10%) 5 (1.8%) 30 (10.7%) 40 (14.2%) 
Perforated diverticulum (98) 15 (15.3%) 8 (8.2%) 5 (5.1%) 9 (9.2%) 6 (6.2%) 
Other perforated colon (32) 8 (25%) 2 (6.3%) 9 (28.1%) 5 (15.6%) 7 (21%) 
Perforated ulcer (26) 2 (7.7%) 3 (11.5%) 1 (3.8%) 1 (3.8%) 2 (7.7%) 
Perforated gallbladder (13) 1 (7.7%) 0 0 1 (7.7%) 1 (7.7%) 
All other (30) 10 (33%) 0 4 (13.3%) 4 (13.3%) 10 (33%) 
Total (N = 480) 64 (13.3%) 18 (3.8%) 49 (10.2%) 60 (12.5%) 29 (6.0%) 


the 307 patients treated empirically with a single drug 
choice, cefoxitin or ampicillin/sulbactam (Unasyn) was 
the most frequent. Of the 79 patients who received a com- 
bination of two antibiotics, the most frequent choices in- 
cluded gentamicin plus a second drug for anaerobic cov- 
erage. Of the 92 patients receiving triple-drug treatment, 
the combination of ampicillin, gentamicin, and clinda- 
mycin or metronidazole was most frequent. 

Analysis of patient clinical variables on presentation 
(Table 5) shows an apparently comparable population for 
the triple-drug, double-drug, and single-drug groups. The 
triple-drug group was significantly younger, had a higher 
percentage of preoperative antibiotics, and was composed 
of more patients with the milder disease of perforated 
appendicitis. The double-drug group was older, had fewer 
patients with appendicitis, and a longer in hospital stay 
before operation. These differences would seem to favor 
the triple-drug group with a better than expected outcome, 
and potentially compromise the outcome of the double- 
drug group. 

Postoperative wound infections developed in 7.6% of 
the patients in the triple-drug group versus 21.5% and 
13.6% for the double- and single-drug groups, respectively 
(p < 0.01 between the double- and triple-drug groups). 
Total wound complications were seen in 18.5% of the 
triple-drug group, 19.5% in the single-drug group, and in 
31.6% of the double-drug group (p < 0.05 between both 
triple- and single-drug treatment over double-drug treat- 
ment). 

Table 6 also shows a length of stay of 10.7 days for 
patients treated with a single antibiotic versus 15.8 days 
for double-drug treatment and 15.1 days for the triple- 
drug group (p < 0.02 favoring the single-drug group over 
the double-drug group). Reoperative rate and postoper- 
ative abscess rates were not significantly different between 
groups. 

Mortality rates (Table 6) were compared by chi square 
analysis and showed a significant difference for the double- 
drug group (15.2%) versus the single-drug group (4.6%), 
with p < 0.001, but no difference for the triple-drug versus 
either of the other groups. Differences between groups are 
always potentially a consequence of differences between 


patients in the different groups. This, with the small num- 
ber of deaths, may not reflect superiority of one treatment 
regimen over another with respect to mortality rate. 
Classification, according to the appropriateness of the 
empiric antibiotics, determined by comparison of culture 
data with initial antibiotic choice showed that an excessive 
regimen (group A) was selected in 77 patients (16%), an- 
tibiotics were appropriate (group B) in 180 patients 
(37.4%) and were inadequate (group C) in 49 patients 
(10.2%). No culture results (group D) were available for 
170 patients (35%). Only five patients fell into group E, 
where antibiotic therapy was redundant, and these patients 
were eliminated from further analysis in this category. 
Clinical variables at presentation (Table 7) demonstrate 
an apparent comparability between the groups A, B, C, 
and D. There was a younger mean age for group A and 
group B. There was a lower percentage of patients with 
appendicitis and:a higher percentage of patients with co- 
lonic perforations in both group D and group C. There 
was a significantly longer stay in hospital before operation 
for group C. These differences would favor group A and 


TABLE 3. Bacterial Isolates Cultured From 480 Cases 


of Acute Peritonitis 
Aerobic No. Anaerobic No. 
Escherichia coli 201 Bacteroides fragilis 131 
Non-enterococcal Peptostreptococcus 45 
Streptococcus 76 Clostridium sp. 17 
Pseudomonas 56 Fusobacterium 1S 
Klebsiella sp. 50 Gram-negative anaerobes H 
Enterococcus . 31 not otherwise 
Staphylococcus 31 speciated 
Mixed enterics not 22 Eikenella 9 
otherwise Proprionibacter 4 
speciated Peptococcus 2 
Enterobacter 18 Other 8 
Candida 12 
Serratia sp. 12 
Citrobacter 10 
Proteus sp. 8 
Corynebacterium 3 
Other 9 
Total 539 242 





A total of 781 isolates were identified from 294 cultures that were 
positive for bacterial growth. 
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TABLE 4, Empirical Antibiotic Selections Chosen for the Initial 
Management of 480 Patients With Acute Bacterial Peritonitis 


Monotherapy (n = 307) 


Cefoxitin 140 
Ampicillin/Sulbactam (Unasyn) 64 
Cefotaxime ' 16 
Cefotetan 16 
Cefazolin 10 
Piperacillin 8 
Cefoperazone 8 
Imipenem 8 
Cefuroxime 7 
Ceftriaxone 7 
Other selections n < 4 for any choice 23 
Double antibiotic combination (n = 79) 
Gentamicin + Clindamycin or Metronidazole 19 
Gentamicin + Cephalosporin 15 
Cephalosporin + Metronidazole 10 
Gentamicin + Ampicillin 10 
Gentamicin + Ampicillin/Sulbactam 8 
Imipenem + Aminoglycoside or Cephalosporin 7 
Two Cephalosporins l 4 
Others 6 
Triple antibiotic combination (n = 92) 
Ampicillin + Gentamicin + Clindamycin or Metronidazole 76 
Penicillin + Gentamicin + Metronidazole 5 
Ampicillin + Gentamicin + Cephalosporin 3 
Cephalosporin + Gentamicin + Metronidazole 3 
Other 5 


group B, but they would adversely affect outcome in group 
C and more so in group D. 

Table 8 shows morbidity and mortality rate indicators 
for each of the groups classified by antibiotic adequacy. 
Group B had the shortest length of stay. Group D had a 
significantly lower total complication rate than group A. 
Group C had a significantly poorer outcome in all cate- 
gories with a longer length of stay, a higher rate of wound 
infection, a higher percentage of postoperative abscesses, 
a higher rate of reoperation, and a higher rate of total 
complications. 

Three hundred seventy-two of the 480 patients had their 
antibiotic treatment left unchanged postoperatively. Three 
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hundred twenty-six patients had culture results that could 
have been used to change their antibiotic treatment. Of 
these 234 patients (71.7%) did not have their antibiotics 
changed despite culture results. Forty-one patients (12.5% 
of patients having cultures) had an appropriate change in 
treatment, and 67 patients (20.6% of patients having cul- 
tures) had their antibiotics changed in an inappropriate 
manner according to culture results. 

From our total population of 480 patients, 108 patients 
actually had a change in their treatment as a result of the 
cultures taken at operation (Table 9 shows outcome data 
of these groups). Sixty-two per cent of these changes were 
inappropriate, and 38% were appropriate. A positive 
change in antibiotics, to cover documented culture results, 
was performed in only 8.8% of the total population. 

Analysis of outcome (Table 9) showed a longer length 
of stay, a higher postoperative abscess rate, a higher re- 
operative rate, a higher complication rate, and a higher 
mortality rate for the group having an inappropriate 
change in therapy, over leaving the antibiotics alone. 
There was alsa a poorer outcome for the appropriate 
change over no change when the rates of abscess formation 
were compared. 

A comparison of outcome for the group “C” patients 
that had their antibiotics changed appropriately after op- 
eration, versus those whose antibiotics were left alone or 
changed inappropriately, showed no difference (Table 10). 


Discussion 


Since the demonstration by Pawlowsky in 1887° of the 
microbial basis for peritonitis, surgeons have been looking 
for the chemotherapeutic means to treat this disease re- 
gardless of cause. Dr. Paul Ehrlich searched for a “therapia 
sterilisans magna” that would be so effective that “the 
administration of a single large dose would bring about 
the selective mass destruction of all bacteria within the 


TABLE 5. Comparison of Perioperative Clinical Variables Among Patient Groups Receiving Either Single, Double, or Triple Antibiotics 


Single (S) Double (Do) Triple (T) 

Variable n = 307 n = 79 n = 92 
Mean age* 46.1 yr (#1.3) 50.8 yr (+2.8) 31.2 yr (+2.9) 
Percent appendicitis t 58% 49% 68% 
Percent colon perforation 27.0% 26.6% 25.1% 
Preoperative antibiotics } 254 (82.7%) 69 (87.3%) 85 (92.4%) 
Delayed primary closure§ 127 (41.4%) 44 (55.7%) 54 (58.7%) 
Duration of illness before hospitalization (days) 3.0+0.3 3.9 + 1.3 3.70.9 
Preoperative stay before operation (hr) || 27.4 + 1.2 36.2 + 3.2 28.4 + 2.3 
Length of operation (min)1 94.145 94.9 + 3.4 110.7 + 6.7 
No. of bacteria per cuiture . 1.7 1.9 


* Two-tailed paired t test gives p < 0.0001 for S vs. T and Do vs. T. 
t Chi square analysis gives p < 0.02 for Do vs. T. 
Chi square analysis gives p < 0.02 for S vs. T. 


§ Chi square analysis gives p < 0.05 for S vs. Do and p < 0.01 for 


S vs. T. 


|| Two-tailed paired t test gives p < 0.01 for Do vs. S and p < 0.05 
for Do vs. T. 
1 Two-tailed paired t test gives p < 0.03 for S vs. T. 
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TABLE 6. Comparison of Outcome Variables Among Patient Groups 
Receiving Either Single, Double, or Triple Antibiotics 








Antibiotic Choice 
Single (S) Double (Do) Triple (T) 
Variable n = 307 n= 79 n= 92 
Length of stay (days)* “107 15.8 15.1 
Wound infection f 42 (13.6%) 17 (21.5%) 7 (7.6%) 
Abdominal abscess 34 (11.1%) 11 (13.9%) 10 (10.9%) 
Reoperation 45 (14.7%) 13 (16.5%) 16 (17.4%) 
Total complications $ 60 (19.5%) 25 (31.6%) 17 (18.5%) 
Deaths § 14 (4.6%) 12 (15.2%) 6 (6.5%) 





* Two-tailed paired Student’s t test gives p < 0.02 for S vs. Do. 
+ Chi square analysis gives p < 0.01 for Do vs. T. 
+ Chi square analysis gives p < 0.05 for Do vs. T and Do ys. S. 
§ Chi square analysis gives p < 0.01 for S ys. Do. 


body and result in the immediate recovery of the patient 
from the state of disease produced by their presence.’”* 
The traditional dictum has always been that if one could 
surgically correct the underlying pathology, and isolate 
and treat the causative organism, an optimum result could 
be achieved. Accordingly culturing and obtaining the an- 
tibiotic sensitivity of the organisms isolated from the peri- 
toneal cavity have become mandates of patient care. The 
further assumption has been that the modification of a 
patient’s antibiotic regimen to cover deficiencies identified 
by culture results is also necessary. With the demonstra- 
tion by multiple authors’”!' of the consistent nature of 
bacterial isolates from patients with peritonitis, and the 
general use of broad-spectrum antibiotics, the need for 
operative cultures has been questioned.'? We performed 
this study to answer the following questions: (1) Is there 


ANTIBIOTIC TREATMENT FOR SURGICAL PERITONITIS 547 


any advantage to using more than a single broad-spectrum 
antibiotic? (2) Does the accuracy of matching empiric an- 
tibiotic treatment to subsequent cultured organisms pre- 
dict outcome? (3) Does adjusting the antibiotic choice 
based on culture data affect outcome? 

Many clinicians believe that the use of triple-drug ther- 
apy is the best way to “completely cover” the bacterial 
flora of peritonitis, and that this coverage gives the patient 
the best chance of recovery. David et al. in 1982,'* in a 
group of 300 pediatric patients with gangrenous and per- 
forated appendicitis, showed a marked decrease in wound 
infection rate, postoperative abscess rate, and a shorter 
length of stay in those patients treated with ampicillin, 
gentamicin, and clindamycin. His control group consisted 
of patients treated (1) without antibiotics, (2) with am- 
picillin alone, (3) with gentamicin alone, or (4) with the 
combination of ampicillin and gentamicin. In a prospec- 
tive randomized trail of pediatric patients with appendi- 
citis, King et al." found fewer “treatment failures” in the 
group treated with ampicillin, gentamicin, and clinda- 
mycin, versus those treated with ampicillin and genta- 
micin. Both these studies, although quoted often in de- 
fense of triple-drug therapy, simply confirmed the results 
of Louie et al., who showed a benefit in treating the 
anaerobic component of peritonitis by adding clinda- 
mycin. 

There are studies that show an equal or better outcome 
for patients treated with single-drug therapy versus mul- 
tiple drug therapy. In a recent study of patients with peri- 
tonitis and sepsis, Huizinga et al.'!° demonstrated a sat- 
isfactory response in 82% of patients given cefotetan versus 
65% of patients treated with ampicillin, gentamicin, and 


TABLE 7. Comparison of Perioperative Clinical Variables Among Patient Groups Receiving Either Excessive, Adequate, Inadequate, 
or Nonclassifiable Antibiotic Regimens 


Group A 
Variable n= 77 
Average age* 36.6 + 3.1 
Percent appendix t 67.5% 
Percent colon perforation $ 16.9% 
Preoperative antibiotics 70 (90.9%) 
Delayed primary closure§ 40 (51.9%) 
Duration of illness before 
hospitalization (days) 2.8 + 0.4 
Preoperative hospital stay before 
operation (hr) || 29.9 + 2.5 
Length of operation (min)1 102 -7 
No. of bacteria per culture 2.2 


* Two-tailed paired t test gives p < 0.001 for A vs. D and p < 0.02 
for B ys. D. 

+ Chi square analysis gives p < 0.05 for A vs. C, p < 0.01 for A vs. 
D, p < 0.01 for B ys. C, and p < 0.001 for B vs. D. 

¢ Chi square analysis gives p < 0,05 for A vs. C, p < 0.01 for A vs. 
D, and p < 0.02 for B vs. D. 


Antibiotic Choice 
Group B Group C Group D 
n = 180 n= 49 n = 170 
42.6 + 1.9. 45.72 3.4 48.6 + 1.8 
68.9% 49% 47.6% 
21.7% 34.7% 32.4% 
147 (81.7%) 43 (87.8%) 147 (85.9%) 
82 (45.6%) 20 (40.8%) 48 (28.2%) 
2.6 + 0.3 45+ 1.4 3.5 + 0.5 
26.9 + 1.5 39.9+ 4.3 27.6 + 1.6 
85.1 +4 104.8 + 10 106.0 + § 
2.4 2.8 NA 


§ Chi square analysis gives p < 0.00! for A vs. D and p < 0.01 for B 
ys. D. 

| Two-tailed paired t test gives p < 0.05 for A vs. C, p < 0.05 for B 
ys. C, and p < 0.01 for C vs. D. 

{| Two-tailed paired t test gives p < 0.05 for A vs. B and p < 0.001 for 
B vs. D. 
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Antibiotic Choice 
i Group A Group B Group C Group D 
Variable n= 77 n = 180 n = 49 n = 170 
Length of stay (days)* 14.0 9.6 18.5 13.0 
Wound infection ł 1! (14.2%) 26 (14.4%) 13 (26.5%) 16 (9.4%) 
Abscess} 5 (6.5%) 19 (10.5%) 17 (34.7%) 13 (7.6%) 
Reoperation § 9 (11.7%) 25 (13.9%) 18 (36.7%) 23 (13.5%) 
Total complications || 23 (29.9%) 34 (18.9%) 25 (51.0%) 24 (14.1%) 
Death 5 (6.5%) 10 (5.6%) 6 (12.2%) 8 (4.7%) 


* Two-tailed vies t test gives p < 0.02 for B vs. C and p < 0.05 for 
B vs. D. 
+ Chi square fannie gives p < 0.05 for B vs. C and p < 0.01 for D 
ys. Cl ` 


$ Chi square analysis gives p< 0. 001 for all three combinations, A ' 


VS. C, B vs. C, and D vs. C. 


metronidazole. We are not aware of studies showing that 
the addition of ampicillin to the “gold standard” of an 
aminoglycoside plus anaerobic coverage will improve ef- 
ficacy for patients with oon: Ampicillin may in- 
crease the incidence of diarrhea. !ù 

There are many studies showing that the outcome of 
patients with peritonitis treated with double-drug regimens 
is poorer, or equivalent to, that of patients treated with a 
single broad-spectrum antibiotic.!™ As Solomkin and 
co-workers”! noted, “Published reports of antibiotic com- 
parisons have largely failed to demonstrate noteworthy 
differences in clinical outcome despite markedly disparate 
antibiotic sensitivity spectra.” 

Our data support the effectiveness of single-drug decay 
in peritonitis. The groups treated with the triple- or the 
double-drug regimens had a higher mortality rate (7% and 

15% vs. 4.6%), and a longer length of stay (Table 6). The 
triple-drug group had a lower postoperative wound infec- 
- tion rate, but this correlated with a significantly (p < 01) 
higher frequency of selecting delayed primary closure at 
the initial operation. Although one might argue that com- 
bination therapy patients had more severe disease, there 
was not a demonstrable difference in the distribution of 
disease, the number of or type of concurrent diseases, or 
the severity of symptoms at presentation. In fact the pa- 
tients treated with triple-drug therapy were younger, more 
' often had peritonitis due to appendicitis, and had fewer 
bacterial species per culture. All of these parameters would 
tend to favor a better outcome among patients treated 
with triple-drug therapy. 

It appears that more is not necessarily better when 
treating patients with bacterial peritonitis, and that it is 
not a requirement to eradicate every organism to optimize 
results. Killing the “nonpathogenic” normal bowel flora 
with excess antibiotics may in fact be detrimental to the 
patient. 


§ Chi square analysis gives p < 0.001 for all three combinations, A 


_ vs. C, B vs. C, and D ys. C. 


|| Chi square analysis gives p < 0.02 for A vs. C, p < 0.01 for A ys. 
D, and p < 0.001 for both B vs. C and D ys. C. 


Vw 


‘Clinical experience has shown that a surgeon’s choice 
of antibiotics is based on his expectation of bacteria likely 
to be present. Many surgeons doubt the accuracy of cul- 
ture results and use this as reasoning to continue addi- 
tional coverage in the face of negative culture results for 
a particular organism. The concept that “excess” anti- 
biotic treatment can be anything but good is ignored. Our 
data show that the outcome of the patient is affected by 
the choice and adequacy of the empiric antibiotic or an- 
tibiotics used, and that adequate treatment is clearly better 
than excessive or inadequate initial treatment. 

Of specific interest is the persistently poor outcome for 
the “C” group or the inadequate initial treatment group. 
The higher reoperative rate, abscess rate, wound infection 
rate, complication rate, and mortality rate are suggestive 


TABLE 9. Comparison of Outcome Variables Among Patient Groups 
Having Either no Change of Antibiotics After Culture Data Available, 
SOUS an Appropriate Change After Data Available, or Having an 
Inappropriate Change After Data Available 


Antibiotic Choice 
Group 1 Group 2 Group 3 
Variable n = 372 n= 41 n = 67 
Length of stay (days)* 10.9 14.8 19.0 
Wound infection 49 (13.2%) 6 (14.6%) 11 (16.4%) 
Total complications ft 69 (18.5%) 9 (22.0%) 23 (34.3%) 
Abscess} 28 (7.5%) 8 (19.5%) 16 (23.9%) 
Reoperation § 45 (12.1%) 9 (22.0%) 21 (31.3%) 
Death || 20 (5.4%) 3 (7.3%) 9 (13.5%) 


* Two-tailed paired t test gives p < 0.008 for 1 vs. 3. 

t Chi square analysis shows p < 0.01 for 1 vs. 3. 

+ Chi square analysis shows p < 0.01 for 1 vs. 2 and p < 0.0001 for 
1 vs. 3. 

§ Chi square analysis shows p < 0.0001 for 1 vs. 3. 

|| Chi square analysis shows p < 0.02 for 1 ys. 3. 
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TABLE 10. Outcome Variables for Patients Having Either Inadequate Antibiotic Treatment Initially With no Change in Therapy Plus Inadequate 
Initial Antibiotic Treatment With Inappropriate Change Versus Inadequate Initial Antibiotic Treatment With an Appropriate Change 


Group N Length of Stay Reoperation Abscess 
CI + C3, 36 18.8 15 (42%) 12 (33%) 
C2 13 17.7 3 (23%) 3 (23%) 
p NS NS 


that if a patient’s empiric antibiotic treatment is inade- 
quate, the outcome seems to be worse regardless of the 
organisms isolated. If one changes the antibiotic regimen 
after operation to an antibiotic regimen that sufficiently 
covers the organism grown on culture, an improvement 
in outcome was not demonstrated (Table 10). It appears 
that by the time patients have received their empiric an- 
tibiotics, had their operative procedures, been irrigated, 
and drained if appropriate, the outcome of their peritonitis 
has been determined. By the time cultures taken at op- 
eration have returned, our ability to favorably influence 
this outcome with antibiotic treatment has been lost, and 
any manipulation of antibiotics is futile. It may be haz- 
ardous to consider shortcuts in empiric antibiotic treat- 
ment, with the attitude that postoperative change.accord- 
ing to culture results will compensate for initial under- 
treatment. 

Surprisingly the group not having culture results did as 
well as those treated adequately, or accurately, by culture 
results in all respects except for the length of stay. The 
thesis that culture result data rarely contribute in a useful 
way to the patient’s postoperative outcome is supported 
by our data. 

Our study demonstrates that a surgeon’s selection of 
empiric antibiotics has a low probability of being 
changed after the actual culture information is received. 
The actual culture results are typically ignored in the 
postoperative period. The reasons for this are (1) lack 
of physician confidence in the accuracy of the clinical 
microbiologic laboratory to identify all pathogens pres- 
ent in the exudate, (2) lack of confidence in anaerobic 
sensitivity data, and (3) current recommendations of 
antibiotic coverage by “authorities” in peritonitis man- 
agement. This supports the current surgical practice of 
treating for the expected bacteria usually present rather 
than how many of these bacteria the laboratory can 
isolate. This approach was demonstrated to be as good 
as, or better than, treating a patient according to the 
culture results in our study. 

In conclusion obtaining cultures at the initial operation 
for peritonitis may not be justified. There is an advantage 
for using single-drug therapy rather than triple- or double- 
drug therapy, assuming that comprehensive aerobic and 
anaerobic coverage for anticipated pathogens is present. 
There 1s a disadvantage to initial antibiotic undertreat- 
ment. 


19; 


20. 


21. 


Wound Infection Total Complications Death 
11 31%) 16 (44%) 3 (8%) 
2 (15%) 4 (31%) 3 (23%) 
NS NS NS 
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EDITORIAL 


Antibiotic Treatment for Surgical Peritonitis 


ppropriate treatment of secondary bacterial 
A peritonitis (SBP) requires that the practicing sur- 

geon be prepared to both employ a great deal of 
operative technical expertise and interpret and effectively 
use information obtained from several related disciplines 
(critical care, microbiology, and clinical infectious dis- 
ease). In this retrospective study, Mosdell and colleagues 
reviewed the clinical course of patients with SBP and ob- 
served the impact of initial antimicrobial therapy on out- 
come. Moreover the effect on outcome of the use of mi- 
crobial culture and antibiotic sensitivity data obtained at 
the time of exploration in relation to the initial empiric 
antimicrobial agent regimen selected and changes in an- 
timicrobial agent therapy as a result of interpretation of 
culture data was assessed. This study attempts to answer 
several important questions that the surgeon must ask 
when treating a patient with SBP: (1) What is the best 
type of antimicrobial agent or combination of agents to 
administer?, and (2) Even if the best agent is chosen, 
should the antimicrobial agent regimen be altered to ef- 
fectively treat those organisms that are retrospectively (24— 
72 hours postoperatively) identified from cultures ob- 
tained at the time of exploration, and that are outside of 
the spectrum of activity of the initial empiric regimen? 
As one might suspect, obtaining the answers to these 
questions was a complex task, and the authors must be 
commended for attempting to resolve these controversial 
issues. : 

Before discussing the authors’ conclusions and rec- 
ommendations, it is important to review this field of sur- 
- gery from a historical perspective. Initial seminal work 
by Altemeier! and others provided data indicating that 
clinical SBP involved numerous organisms, and evidence 
of the presence of microbial synergy was obtained from 
experimental animal models that were designed with the 
intent of mimicking clinical peritonitis.’? Subsequently 
the pathophysiology of peritoneal infections was studied. 
It has become clear that invading microbes encounter both 
resident (“first line”) and activation (“second line”) host 
defenses that serve to limit and contain infection.’ Pri- 
marily translymphatic absorption through specialized 
structures on the undersurface of the diaphragm “pump” 
large numbers of bacteria out of the confines of the peri- 
toneal cavity. Although these organisms reach the venous 
systemic circulation quickly, they are rapidly cleared by 
‘the reticuloendothelial system. This “‘first-line’? host de- 


fense serves to transfer a portion of the infection to another 
host defense compartment, but certainly entails the risk 
of provoking the systemic septic response and may in fact 
be deleterious, most probably in the situation where large 
numbers of microorganisms are initially present. Resident 
macrophages also reside within the normally sterile, pris- 
tine peritoneal cavity and are capable of engulfing large 
numbers of bacteria. These two host defenses act to ef- 
fectively combat infection during the initial so-called de- 
cisive period. As will be discussed below, this not sur- 
prisingly is the period during which antimicrobial agents 
are most effective, as is shown by the authors in their 
study. 

Activation of other second-line host defenses occurs 
while resident host defenses are active, so that within 4 
to 6 hours after microbes invade the peritoneal cavity, a 
large influx of active phagocytic polymorphonuclear leu- 
kocytes occurs. Simultaneously influx of serum compo- 
nents into the peritoneal cavity triggers fibrinogen poly- 
merization and fibrin deposition that serves to trap large 
numbers of bacteria.* This containment and sequestration 
process probably serves to provide a check on the extent 


` of translymphatic absorption that otherwise might result 


in severe systemic sepsis if allowed to proceed unabated. 
Interestingly sequestration also has inherent drawbacks: 
in experimental models this process leads to abscess for- 
mation. A temporal trade-off occurs in which limiting 
initial systemic sepsis may result in subsequent delayed 
morbidity and chronic sepsis related to abscess formation. 

A number of experimental studies have been performed 
in an attempt to mimic clinical peritonitis and to ascertain 
the importance of the microbial pathogens involved, how 
these microbes interact, and how best to direct antimi- 
crobial therapy. It is important to note that this field is 
an area of investigation where clinical observation pro- 
vided the impetus for experimental studies that in turn 


` served to direct the performance of clinical trials. To 
‘ summarize these studies, it has become clear that SPB is 


caused by the autochthonous microflora contained within 
the particular organ that becomes diseased.’ Necrosis or 
perforation of the hollow viscus allows these organisms 
to enter the peritoneal cavity. Because perforation of ob- 
structed small bowel, the appendix, or colon all involve — 
the spillage of polymicrobial aerobic and anaerobic mi- 
croflora, it is not surprising that the eventual infections 
involve these organisms as well. What is of interest is that 
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the bowel microflora contains many, many different mi- 
crobial species, yet only a small number come to be pres- 
ent in the established infection. Experimental studies have 
attempted to define this simplification process, and have 
concomitantly led to the conclusion that the pathogens 
that escape host defenses are frequently aerobes such as 
Escherichia coli and anaerobes such as Bacteroides fragilis 
that are capable of acting in concert to produce a syner- 
gistic severe type of infection.** 

Experimental studies using antimicrobial agents led to 
the conclusion that only therapy directed against both 
components of these polymicrobial infections would re- 
duce infection-related lethality. The results of these studies 
then were applied to the clinical setting in the following 
areas: (1) mechanical bowel preparation with concomitant 
use of intraluminal and antimicrobial agents, (2) early 
treatment of penetrating gastrointestinal injury with sys- 
temic antimicrobial agent regimens, (3) treatment of gan- 
grenous appendicitis with systemic antibiotics, and (4) 
treatment of established peritonitis. These clinical trials 
clearly indicated two tenets: (1) a reduction in infection- 
related morbidity was achieved with the use of regimens 
that possessed a spectrum of activity directed against both 
aerobes and anaerobes, and (2) it did not matter whether 
two antimicrobial agents or a single agent were used, as 
long as criterion 1 was fulfilled.*-!! 

With this as background, a critical examination of the 
study by Mosdell et al. provides several important points 
of information. The authors demonstrated that initial 
empiric treatment of secondary bacterial peritonitis with 
either single-agent or combination (double or triple)- 
agent therapy produced similar infection rates. One must 
note that although the majority of patients within the 
group receiving single-agent therapy received an agent 
with a combined anti-aerobic and anti-anaerobic spectrum 
of activity, approximately 57 patients (40%) may have 
received a drug without anaerobic activity. Similarly in 
the double antimicrobial agent group, as many as 35 pa- 
tients (44%) may have not received anaerobic coverage 
(see Table 5). In addition when the antibiotic selection 
groups were compared, group C (inadequate antibiotic 
regimen in relation to culture results) contains a larger 
number of patients who suffered from colonic perforation 
and did not undergo delayed primary wound closure. As 
is discussed below, these problems are to be expected to 
arise during a retrospective review, and are difficult to 
control even during prospective, randomized trials. Strat- 
ification, however, may become an extremely important 
variable, especially when small subgroups of patients are 
compared. 

The authors then assessed the results of antimicrobial 
therapy in relation to culture results, and reached two 
conclusions: (1) adequate or “excessive” initial empiric 
therapy was associated with the lowest rate of infection, 
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and (2) changes in therapy based on culture results did 
not effect outcome, especially when the initial regimen 
chosen was inadequate. The interpretation of the results 
again resides in understanding the pathophysiology of 
surgical infections. Clearly early operative intervention to 
achieve “source control” through abscess drainage or re- 
section of necrotic, infected tissue is paramount. But the 
surgical literature is also replete with experimental and 
clinical studies that indicate that this can be coupled with 
administration of effective antimicrobial agents during the 
incipient stages of infection to provide a reduction in the 
infection rate. As noted above this early decisive period 
coincides with activation of “second-line” host defenses. 
Microbial proliferation, bacterial sequestration, and other 
variables limit the efficacy of antibiotics during the later 
stages of infection. Thus initial empiric antimicrobial 
therapy directed against the most significant and frequent 
pathogens (aerobes and anaerobes) should represent the 
standard of care for patients who develop secondary bac- 
terial peritonitis. Whether this should invariably be ac- 
complished with one, two, or three drugs cannot really 
be answered by this study, because of the number of dif- 
ferent antimicrobial agent regimens employed. As pre- 
viously mentioned, however, other studies have clearly 
established equivalency between single- and dual-agent 
treatment, and some recent studies, including the present 
one, indicate that some single agents may prove superior 
to combination regimens.!’ | 

The authors’ interpretation of the use of culture and 
sensitivity data to alter outcome, however, should be 
closely scrutinized. Their data indicate that broad-spec- 
trum antimicrobial agent therapy directed against aerobes 
and anaerobes should not be altered based on culture re- 


sults, and that initial inadequate therapy followed by more 


precisely targeted therapy based on the culture result is 
not beneficial. The basic question the authors pose can 
be paraphrased as follows: why obtain cultures if they will 
not be used to alter therapy? To examine this issue, the 
data concerning the group of patients who underwent 
changes in antimicrobial therapy must be examined. In 
this group, although the authors state that only 8.8% of 
patients underwent appropriate change in therapy, in fact 
23% of patients could have had an appropriate change in 
therapy because 14% of the changes made on the basis of 
culture results were deemed inappropriate, retrospectively. 
Would they have seen a change in outcome in this latter 
group if appropriate changes had been made? This ques- 
tion, unfortunately, cannot be answered by this study. 
Although this issue is extremely complex, the answer to 
the above question probably lies somewhere between the 
two extremes of never obtaining cultures because they are 
never helpful, and invariably and immediately altering 
therapy based on the culture and sensitivity results. 
Overall most studies in this field indicate that 80% to 
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85% of patients do well with regard to treatment of in- 
fection with good surgery and a wide variety of antimi- 
crobial agent regimens.'? One must recognize that some 
patients will develop wound infections related to skin mi- 
croflora (e.g., Staphylococcus spp), and not every patient 
who develops SBP will suffer a combined aerobic and 
anaerobic synergistic infection requiring combination 
antimicrobial therapy. Inability to prospectively distin- 
guish the pathogens involved prohibits the initial use of 
carefully targeted antibiotic therapy, but also may provide 
an explanation for why first-generation cephalosporins, 
for example, may function efficiently in some cases to 
reduce the incidence of infection. Unfortunately few 
studies have carefully stratified patients in relation to dis- 
ease process and infecting organisms, so this result is per- 
haps not surprising. Use of adequate, empiric initial broad- 
spectrum therapy is clearly advantageous, and the authors 
have provided good evidence for the surgical dictum of 
not altering therapy if the patient is doing well and im- 
proving. 

What of the small group of patients who receives initial 
appropriate empiric broad-spectrum therapy and subse- 
quently develops significant infection (wound, intra-ab- 
dominal sepsis, or clinical deterioration with evidence of 
systemic sepsis)? The above figures would indicate that 
this may comprise up to 15% to 20% of patients, and 
these patients may in fact be those who will benefit from 
alterations in therapy. Interestingly this is almost exactly 
the wound infection rate that the authors report in this 
study (see Table 9). Obviously a surgically correctable 
cause of the infection should be sought, but some patients 
may harbor resistant organisms, organisms outside of the 
spectrum of activity of the initial antibiotic regimen, or 


pathogens that are difficult to detect. This type of patient 


may not be representative of the group of patients dis- 
cussed in this study, in which many patients may have 
received initial, inappropriate empiric therapy, in other 
words, anti-aerobic but not anti-anaerobic coverage, for 
example. | 

Unfortunately the basic problem remains that the group 
of patients at high risk for such infections cannot be iden- 
tified until infection occurs, so selective use of cultures 
cannot be recommended and one is left with two options: 
(1) obtain no cultures, and (2) obtain cultures in all pa- 
tients, recognizing that it may be of use in 15% to 20% of 
patients. This group of patients, however, may experience 
a low-frequency, but highly morbid event that would be 
both sensible and cost effective to avoid. Lastly one must 
be reminded that many superficial wound infections can 
be avoided by use of delayed primary closure or wound 
healing by secondary intention. When dealing with wound 
class III operations where by definition the degree of bac- 
terial contamination is high (as were many of the cases 
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in this study), it may be more expedient to use one of 
these two techniques in every case. 

In summary this excellent study goes far to confirm 
the importance of initial, broad-spectrum empiric anti- 
microbial agent therapy for established intra-abdominal 
sepsis. The data may be interpreted as providing additional 
confirmation of the hypothesis that single antimicrobial 
agent regimens may be equivalent or superior to combi- 
nation regimens in anti-infective efficiency, with the rec- 
ognition that this is probably based on either type of reg- 
imen possessing both aerobic and anaerobic coverage. For 
the aforementioned reasons, however, the lack of effect 
of culture and sensitivity data should be considered pre- 
liminary, as I believe that some patients may actually 
benefit from the use of such information. This controversy 
probably will be resolved only by performance of a pro- 
spective controlled trial in which patients are initially 
stratified according to disease process, antibiotic regimen, 
and culture results. 


DAVID L. DUNN, M.D., PH.D. 
Minneapolis, Minnesota 
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EDITORIAL | 





On Work Hours for Residents | 


MEDICAL EDUCATION (ACGME) proposed, in 
their June 1990 revision of the General Require- 
ments, that “residents should, on average, have at least 
one 24-hour day out of seven free of patient care respon- 
sibilities and should be on call in the hospital no more 
often than every third night when averaged over a four- 
week period.” They continue by specifying that “duty 
hours must be consistent with the General and Special 
Requirements that apply to each program.” Further 
“clarification” was provided in the next sentence: “An 
exception to the above standard may be granted if suffi- 
cient reasons exist for a specialty to conduct education 
with a different method of setting appropriate duty 
hours”—with the interpretation of “sufficient” and “ap- 
propriate” to be made by the ACGME. Although these 
requirements were interdicted by the veto of the American 
Board of Medical Specialties (ABMS, a parent of the 
ACGME), it is obvious that further attempts will be made 
to prescribe specific guidelines for resident work hours. 
In fact many disciplines have already revised their Special 
Requirements to limit the length of the resident’s work 
week to 80 hours, in what can be construed as an hu- 
manitarian, albeit naive, effort to prevent fatigue and the 
presumed consequent deterioration in patient care. 
Because no causal link between an 81-hour work week 
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and patient harm has been documented, the implemen- | 


tation of such potentially far-reaching changes seems pre- 
mature, especially as they emanated from the unfortunate 
outcome of Libby Zion, an event that represented more 
a lack of supervision than resident fatigue. Even if resi- 
dents are being overworked to the extent that their per- 
formance is impaired, it has yet to be shown that the 
resultant deterioration in patient care is greater than that 
resulting from “shift medicine” (The practice of leaving 
when the bell sounds, whether the clamp is still on the 
aorta, or the right lung has not yet been examined, may 
not be as far away as one might think.). 

Acknowledging that residents often work longer hours 
than trainees in other fields, so do physicians in practice, 
who must, if fatigue impairs performance, be doing more 
harm than residents——-yet we hear no outcry in this arena. 
Perhaps the interest in reform does not extend to one’s 
own physician. 


And how shall we define a work hour? Should study 
be classified as work? Does being on call, even that part 
of the night spent sleeping, qualify as work? One definition 
is time spent in the hospital, in which case, because neither 
study nor sleep at home would qualify, work becomes as 
much a matter of venue as activity. 

However work is defined, the parameters mentioned 
seem reasonable enough (perhaps to get us into the tent); 
but once the principle of limiting hours is established, it 
is also a reasonable assumption that the number will be 
adjusted downward from that level. 

Among residents in our institution, the number of in- 
house work hours varies inversely with the number of 
hours spent in moonlighting activities, so that total work 
hours do not differ remarkably among disciplines. With 
the latter arrangement, however, additional pay is received 
for the moonlighting hours, which may explain, at least 
in part, the vigor with which limitation of hospital work 
hours has been pursued by organized resident groups. 
Clearly, however, work is work, wherever it occurs, so if 
the objective is, as stated, to prevent resident fatigue, 
moonlighting must be included in the calculations. 

Other financial factors are also pertinent. Looking at 
the implementation ‘of similar, mandated requirements 
in New York State, a report in the Journal of the American 
Medical Association estimated additional requirements 
in excess of 358 million dollars annually and 5358 new 
positions.’ Clearly funding in this amount will be difficult 
to find, especially without a reduction of resident salaries. 

A predictable outcome of specifying a length for the 
work week is the keeping of time logs by residents, who 
then may have reason to record daily time requirements 
for eating, dressing, bathing, etc., to document accurately 
work versus personal activities. 

In addition to such mundane considerations, broader 
philosophical questions are raised by these changes in the 
General Requirements: Is lack of continuity a more im- 
portant determinant of patient outcome than overwork? 
Who is the appropriate body to determine the educational 
specifics for a given specialty? Should it be that discipline, 
in other words, the program directors and residency review 
committee, or should it be a general body, which is less 
aware of the educational needs forindiyidual specialties? 

Whether or not the numbér,of'yeats oftgraduate edu- 
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cation would need to be extended will have to be consid- unwise to insert numerical limits, which seem more ap- 
ered by each board. Certainly those boards that require propriate for trades than for professions. 

specific numbers of procedures may need a longer edu- 
cational period to meet necessary requirements. 

It would be a mistake to deny or ignore that residents 
are sometimes overworked, but such problems are better 
defined and dealt with at institutional and service levels 
than by applying national standards to all disciplines and Reference 
programs, which may have variable educational needs and 1. Thorpe KE. House staff supervision and working hours. JAMA 1990; 
personnel constraints. Even at the RRC level, it may be 263:3177-3181. 


FRANK C. WILSON, M.D. 
Chapel Hill, North Carolina 


ORIGINAL ARTICLES 


Closed Mediastinal Exploration in Patients 
With Persistent Hyperparathyroidism 





Described are two patients with persistent hyperparathyroidism 
after unsuccessful neck explorations. Both had deep mediastinal 
parathyroid tumors located within the thymus gland. Formerly 
it had been the practice of the authors to perform a median 
sternotomy for the removal of such tumors. In the present cases, 
however, the neck was re-explored through a cervical incision 
and the entire thymus gland then was removed by the technique 
of “closed mediastinal thymectomy.” An enlarged parathyroid 
gland was found embedded in the resected parenchyma of the 
thymus gland in each patient, and both were cured by the op- 
eration. 


ATIENTS WITH PRIMARY hyperparathyroidism 
who remain hypercalcemic after a cervical explo- 


ration are challenging problems. It has been dem- 
onstrated by several investigators'~* that in patients re- 
explored for persistent or recurrent hyperparathyroidism 
the missed parathyroid tumor is most often located in the 
neck, or it is retrievable through a cervical incision. Rarely 
parathyroid tumors descend into the chest and are located 
either in the anterior mediastinum adherent to or within 
the thymus gland, or in the posterior mediastinum. The 
lower parathyroid glands and the thymus gland are derived 
from the third pharyngeal pouches, and they descend to- 
gether in the neck during embryogenesis. Normally the 
lower parathyroid glands separate from the thymus and 
remain in the neck near the lower pole of the thyroid 
gland. There are, however, several “separation anoma- 
lies.” At one extreme the lower parathyroid gland may 
fail to descend and remains within the pharyngeal mus- 
culature; at the other extreme, it fails to separate from the 
thymus and descends with it into the mediastinum. In 
patients with hyperparathyroidism where three normal 
parathyroid glands are identified at neck exploration but 
one of the lower glands cannot be found, the ipsilateral 
“thyrothymic ligament” and a portion of the thymus gland 
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can be pulled bluntly out of the chest in hopes of retrieving 
the missing gland. If successful this maneuver obviates 
the need for a repeat exploration. 

Removal of a parathyroid tumor located in the deep 
mediastinum usually requires a median sternotomy. This 
procedure is associated with a prolonged hospitalization, 
substantial morbidity, and an unsightly scar. 

It has been clearly shown that the thymus gland can 
be removed through a cervical incision in a “closed” 
manner,’ a procedure most often used in patients with 
myasthenia gravis. 

We report two patients with primary hyperparathy- 
roidism who had unsuccessful neck explorations because 
of parathyroid tumors within the thymus gland deep in 
the anterior mediastinum. In each patient a repeat neck 
exploration was performed and the entire thymus gland 
was removed through a cervical incision by the “closed” 
technique. An enlarged parathyroid gland was found 
embedded in each thymus gland and both patients were 
cured by the operation. This technique makes it possible 
in many patients to remove ectopic parathyroid tumors 
from the deep anterior mediastinum without performing 
a median sternotomy. 


Methods 
Method of Transcervical “Closed Thymectomy”’ 


The patient is placed in the supine position with the 
top of the head just at the top of the table, an inflatable 
bag beneath the shoulders, the occiput resting on a 
“donut,” and the arms positioned at the patient’s sides. 
The intravenous catheter is placed in the right arm, and 
the blood pressure cuff is attached to the left arm. The 
anterior chest, as well as the cervical region, is prepared, 
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TABLE 1. Laboratory Values for Patient 1 











Catt Phos AlkPhos TP 
9.0-10.3 2.5-4.5 45-145 6.5-8.5 

Date mg/dL mg/dL IU/L g/dL 
08/24/87 12.0 3.8 126 6.9 
02/04/88 12.0 2.9 141 6.8 
11/10/88 11.4 3.3 — — 
07/19/89 11.9 3.2 122 pe 
07/20/89 First neck exploration 
07/22/89 12.0 2.9 109 — 
11/13/89 11.4 3.2 115 6.5 
12/07/89 10.9 2.7 132 7.4 
12/07/89 Second neck exploration and closed thymectomy 
12/08/89 8.3 2,5 92 5.5 
12/09/89 8.2 3.7 92 5.7 
07/09/90 9.4 ody | 46 74 











Alb Chl 
3.5-4.8 97-110 

g/dL mmol/L | PTH 

4.4 108 

4.9 106 69 pmol/L (normal range, 29-85)* 
— -— 370 pg/mL (normal range, 50-340) t 
4.8 106 

4.4 — 

4.0 — 10 wEq/mL (normal range, 4-9) t 
4.5 104 

J5 — 

45 

3.9 103 





All values are serum concentrations. 

* International Clinical Laboratories, St. Louis, MO. 
t National Health Laboratories, Louisville, KY. 

t Barnes Hospital Laboratory, St. Louis, MO. 


in case median sternotomy should be required. The pa- 
tient is informed preoperatively of the possible need for 
sternotomy if the surgeon for any reason is not satisfied 
with the transcervical approach. 

The previous cervical scar is excised and superior and 
inferior skin flaps developed. The strap muscles are di- 
vided in the midline and the neck is explored if there is 
suspicion that the missed parathyroid gland resides in the 
neck. If this exploration is unsuccessful or if there is com- 
pelling evidence that the parathyroid gland is located in 
the mediastinum, the anterior mediastinum is entered. 
The lower skin flap is dissected in the subplatysmal plane 
down to the sternal notch, and the cleidocleido ligament 
is divided vertically to improve exposure. The upper poles 
of the thymus gland are found lying immediately super- 
ficial to the inferior thyroid veins and immediately sub- 
jacent to the posterior surface of the strap muscles. The 
thymic gland is surrounded by an outer capsule, and 
within this capsule, the organ is removed by dissection of 
the gland from the surrounding areolar tissue. The left 
superior pole is initially isolated, dissected to its most su- 
perior point, and divided. A silk ligature is tied to the 
upper pole of the gland for subsequent traction. The right 
upper pole is similarly isolated, dissected to its upper limit, 
and divided with placement of a ligature around the right 
upper pole for traction. 

The two upper poles usually come together in the mid- 
line just above the sternal notch, anterior to the innom- 
inate vein. On occasion one pole may pass posterior to 
the innominate vein while the other pole is in the usual 
position, superficial to the vein. 

Once the upper poles have been fully mobilized and 
have been found to pass superficial to the innominate 
vein, the index finger may be passed into the mediastinum 


Ca**, total calcium; Phos, phosphorus; AlkPhos, alkaline phosphatase; 
TP, total protein; Alb, albumin, Chl, chloride; PTH, parathyroid hor- 
mone. 


anterior to the thymus gland for palpation and for blunt 
dissection of the anterior surface of the gland from the 
surrounding tissue. The superior poles then are retracted 
forward, and the posterior portion of the gland is dissected 
free down to the innominate vein. There are usually two 
midline veins draining from the thymus gland into the 
innominate vein, but the venous drainage pattern is highly 
variable. The thymic veins are isolated, ligated, and di- 
vided under direct vision. The thymectomy retractor is 
placed and attached to Poly-Tract apparatus for upward 
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FIG. 1. Right-angle retractor positioned behind the manubrium to elevate 
it superiorly. 
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FIG. 2. Histologic features of hypercellular 
parathyroid gland identified beneath the an- 
terior surface of the midportion of the thymus 
gland in patient 1. Arrows, Interface between 
parathyroid tissue (P) and thymus tissue (T) 
A, X60; B, X120) Courtesy of Jon Ritter, 
M.D., Department of Pathology, Washington 
University School of Medicine. 
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traction of the sternum. The sternum is retracted upward 
until the patient is almost lifted from the table. The in- 
flated bag behind the shoulder should be deflated at this 
point, which allows the shoulders to fall backward and 
the medial ends of the clavicles to be retracted further 
forward by the sternal retractor. With the use of a head- 
light, the anterior mediastinum can now be well visualized, 
with the surgeon seated on a stool at the head of the table. 

Once the thymic veins have been divided, dissection 
can be carried along the posterior surface of the thymus 
gland, anterior to the innominate vein. Sharp dissection 
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is used to separate the gland from the pericardium over 
the anterior surface of the ascending aorta. If dense adhe- 
sions are encountered at this point, a portion of the peri- 
cardium can be excised in continuity with the gland. 

Each of the lower poles of the thymus gland then are 
dissected free using both sharp and blunt dissection. Or- 
dinarily the pleura can be separated easily from the thymus 
gland by blunt dissection, but if adherent, a portion of 
the pleura can be taken with the thymus gland using sharp 
dissection. Care should be taken to avoid injury to the 
phrenic nerves. 
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TABLE 2. Laboratory Values for Patient 2 














O Phos AlkPhos TP 
9.0-10.3 2.5-4.5 45-145 6.5-8.5 

Date mg/dL mg/dL IU/L g/dL 
12/01/85 11.8 1.9 
01/24/86 First neck exploration 
01/25/86 11.0 
01/26/86 10.7 
03/17/86 Second neck exploration 
03/18/86 11.2 1.9 
09/01/88 11.6 1.7 
10/01/88 12.3 
02/28/90 11.8 ae | 148 6.9 
03/01/90 Third neck exploration and closed thymectomy 
03/02/90 8.8 0.7 114 6.7 
03/03/90 8.8 13 106 Ki 
03/04/90 8.5 2.6 98 6.5 
03/05/90 8.2 
07/10/90 8.4 


Alb Chl 








3.5-4.8 97-110 
g/dL mmol/L PTH 


1994 pcg/mL (normal range, 0-340) * 


2551 peg/mL (normal range, 50-330)+ 
4.4 107 


3.4 -— 
3.6 — 
3.4 - 





All values are serum concentrations. 
* Smith-Kline Laboratories, St. Louis, MO. 
+ Nichols Institute Laboratory, San Juan Capistrano, CA. 


We have found it easier to dissect the right lower pole 
of the thymus gland initially, followed by the posterior 
surface of the gland and, finally, by the left lower pole. 

After the thymus gland and mediastinal fat are re- 
moved, the mediastinum is carefully inspected to ensure 
that hemostasis is satisfactory. A red rubber catheter is 
placed into the mediastinum and brought out through the 
incision during the closure of the wound. This catheter is 
withdrawn after closure of the platysmal layer. No chest 
tube is required. The skin is closed with fine interrupted 
sutures, which are removed on the third or fourth post- 
operative day. 


Patients 


The first patient is an 18-year-old woman who in August 
of 1987 at the age of 16 was admitted to Barnes Hospital 
for extracorporeal shock wave lithotripsy of renal stones 
and also for extraction of a stone from the right ureter. 
Over the preceding 2 years, laboratory studies, including 
a serum calcium concentration of 12.0 mg/dL, suggested 
the diagnosis of hyperparathyroidism (Table 1). At the 
second hospital admission in July of 1989, a neck explo- 
ration was performed, at which time four parathyroid 
glands were identified and biopsies performed. The glands 
were normal by macroscopic and microscopic evaluation. 
Additionally no parathyroid tissue was identified in the 
thymus tissue removed from the neck and upper chest. 
The serum calcium remained unchanged in the postop- 
erative period (Table 1). In December of 1989, the patient 
was readmitted to Barnes Hospital. Radiographic studies 
of the neck and mediastinum, including computed to- 


Ca**, total calcium; Phos, phosphorus; AlkPhos, alkaline phosphatase; 
TP, total protein; Alb, albumin; Chl, chloride, PTH, parathyroid hor- 
mone. 


mography scanning (CT), magnetic resonance imaging 
(MRI), and a radioactive thallium scan with technetium 
subtraction (TS), were performed but did not show evi- 
dence of an enlarged parathyroid gland. The patient had 
a second neck exploration on December 7. After no ab- 
normal parathyroid glands were found in the neck, the 
mediastinum was opened and a sternal retractor (Cooper 
Thymectomy Retractor, Pilling Co., Fort Washington, 
PA; Figure 1) was placed behind the sternum. By careful 
blunt and sharp dissection, the entire thymus gland was 
removed from the mediastinum as previously described.” 
A 1.5- X 1.5- X 2.0-cm nodule was identified beneath the 
anterior surface of the midportion of the thymus gland 
and was documented to be an enlarged parathyroid gland 
by gross and histologic examination (Fig. 2). The patient’s 
serum calcium concentration returned to normal and she 
was discharged on the third postoperative day on no med- 
ications. Her laboratory values have remained normal at 
7 months after surgery (Table 1). 

The second patient is a 38-year-old homemaker with 
documented hypercalcemia who was diagnosed as having 
hyperparathyroidism (Table 2). In 1986 she had two un- 
successful neck explorations. At the first operation in Jan- 
uary a left lower parathyroid gland was removed. It 
weighed 200 mg; however, on histologic examination it 
was infiltrated with fat and was interpreted as normal 
parathyroid tissue. The hypercalcemia was unchanged in 
the postoperative period (Table 2). At the second opera- 
tion 2 months later, the neck again was thoroughly ex- 
plored and the right thyroid lobe was resected; however, 
no parathyroid tissue was identified either grossly or mi- 
croscopically. The patient remained hypercalcemic post- 
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operatively (Table 2), and in 1988 and 1989 she had four 
episodes of nephrolithiasis. At her first Barnes Hospital 
admission in February of 1990, she was complaining of 
fatigue and constipation. Her laboratory values are shown 
in Table 2. A CT scan and a TS of the neck, chest, and 
mediastinum showed findings suspicious of an enlarged 
parathyroid gland in the anterior mediastinum (Fig. 3A, 
B). A selective arteriogram demonstrated a hypervascular 
lesion in the anterior mediastinum suggestive of a para- 
thyroid tumor (Fig. 3C). On March 1, 1990 at a third 
operation, the patient’s neck was explored and the me- 
diastinum was entered through the thoracic inlet. The 
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FiG. 3 A, Computed tomography scan showing a 1l- X 2.5-cm soft 
tissue mass in the anterior mediastinum at the level of the aortic arch 
(arrow). B, Thallium scan showing a subtle increase in activity in the 
mediastinum (small arrow), left thyroid lobe (large arrow). C, Selective 
arteriogram showing a 1.5-cm area of intense staining, filling from the 
left internal mammary artery and located behind the manubrium. 


entire thymus gland was removed and an enlarged para- 
thyroid gland was visible on its anterior surface (Fig. 4). 
Figure 5 shows the histologic features of the gland. The 
patient was discharged on the third postoperative day on 
no medications. Her serum calcium concentration has 
been normal or slightly below normal during the 4 months 
after surgery (Table 2). 


Discussion 


The management of patients with persistent or recur- 
rent hyperparathyroidism after one or more failed neck 
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FIG. 4. Large parathyroid gland (arrow) embedded on the anterior surface 
of the thymus gland. 
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explorations represents one of the most difficult problems 
in endocrine surgery. The evaluation of these patients be- 
fore repeat surgery is not only expensive but there are 
recognized morbidities associated with some of the in- 
vasive localization procedures, especially with selective 
arteriography. Furthermore if median sternotomy is nec- 
essary, not only is the length of hospitalization prolonged 
but there are the added problems of an unattractive scar 
and the possibility of a postoperative wound infection 
with accompanying mediastinitis. 

In the present report, two patients are presented who 
had unsuccessful neck explorations for hyperparathy- 
roidism. Both patients required mediastinal exploration 
for resection of an ectopically located parathyroid tumor 
in the anterior mediastinum. In the first patient, no me- 
diastinal parathyroid tumor was identified by radiographic 
localizing procedures; in the second patient, however, the 
CT scan, the TS, and the selective arteriogram were highly 
Suggestive of an ectopic parathyroid neoplasm in the an- 
terior mediastinum. Ordinarily a median sternotomy 
would have been required for adequate exploration of the 
mediastinum in these patients. Alternatively the medias- 
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FIG. 5. Histologic features of hypercellular parathyroid gland identified in the anterior surface of the thymus gland (X200). Courtesy of Jon Ritter, 
M.D., Department of Pathology, Washington University School of Medicine. 
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tinum was explored through a cervical incision and a thy- 
mectomy was performed by the described procedure. 

The rationale for using this technique in patients with 
persistent hyperparathyroidism is that an ectopic para- 
thyroid tumor in the anterior mediastinum is almost al- 
ways either adherent to the thymus gland or embedded 
within its parenchyma. The object of the mediastinal ex- 
ploration is primarily to remove the thymus. In cases in 
which the “closed” mediastinal exploration is unsuccess- 
ful, a median sternotomy could be undertaken and me- 
diastinal exploration and thymectomy performed in a 
conventional fashion. 

Not all ectopic parathyroid tumors in the chest are lo- 
cated in the anterior mediastinum close to the thymus 
gland. A small minority are located in the posterior 
mediastinum’ or in the aorticopulmonary window.® These 
lesions are best approached through either a lateral tho- 
racotomy or a median sternotomy. 

In patients with well-documented hyperparathyroidism 
who have only normal parathyroid tissue identified at un- 
successful neck exploration, it has been the policy not to 
explore the mediastinum at the same operation, but to 
close the neck and study the patient postoperatively to 
confirm the biochemical diagnosis and to perform radio- 
graphic procedures to localize the parathyroid tumor. 
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Subsequently repeat neck exploration can be performed 
electively. The described technique of “closed” medias- 
tinal exploration offers the option of extending the primary 
operation from the neck into the chest. This should be 
particularly considered in patients in whom three normal 
parathyroid glands are identified in the neck and the 
missing parathyroid is a lower one. Should the missed 
parathyroid tumor be removed by the “closed” thymec- 
tomy, the patient is spared a repeat operation and a me- 
dian sternotomy. 
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Prevalence of Infection With Human 
Immunodeficiency Virus in Elective 


Surgery Patients 
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An anonymous survey of elective surgery patients was performed 
to assess prevalence of antibody to human immunodeficiency 
virus (HIV) in a large urban hospital. Of 4087 patients evaluated, 
18 (0.4%) were found to be infected with HIV as confirmed by 
a positive Western blot antibody test. Assessment of risk factors 
demonstrated that patients with a history of a blood transfusion 
did not differ in demographics or rate of infection from the pop- 
ulation as a whole. Of the 18 HIV infected patients, 13 gave an 
admission history of one or more risk factors, including 10 with 
a history of a prior positive test. Only five, or 0.12% of the 
patients, provided no history of a risk factor or a history of 
transfusion only. The authors conclude that the prevalence of 
HIV infection among elective surgery patients is low, and that 
there would not be any substantial benefit from screening such 
patients for antibody against HIV. 


care workers becoming infected with the human 

immunodeficiency virus (HIV) after contact with 
blood from an infected patient.’ ° Surgeons and operating 
room personnel are among those most likely to come in 
contact with blood from a patient.® To decrease the risk 
of infection, operating room personnel attempt to treat 
every patient as if they are infected with HIV. It could be 
argued, however, that knowing preoperatively which pa- 
tient is infected with HIV could result in procedural and 
behavioral modifications that would decrease further the 
risk of infection being spread to a health care worker. 
Currently although some have recommended patient 
screening,’ testing all patients preoperatively for the pres- 
ence of HIV infection is not considered appropriate.°*"'° 
To assess the risk of exposure of operating room personnel 
during elective surgical procedures, a prospective study 
was carried out anonymously to determine (1) the prev- 
alence of HIV infection in patients undergoing elective 
surgery at the Johns Hopkins Hospital, (2) the distribution 
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of HIV-positive patients by selected demographics and 
surgical service, and (3) the extent to which patients who 
proved to be HIV positive could have been identified by 
admission history. 


Materials and Methods 
Study Population 


All elective pediatric and adult surgical patients oper- 
ated on by the General Surgery and Specialty Services at 
the Johns Hopkins Hospital between September 1, 1988 
and May 30, 1989 were considered eligible for study. Pa- 
tients were admitted to surgical units for prescheduled 
procedures either through the Admitting Department or 
the Same Day Care Center; both inpatient and outpatient 
surgery candidates were included. Patients undergoing 
ophthalmologic or gynecologic surgery are processed at 
other sites, and they were not included. Criteria for ex- 
clusion from analysis included two graups of patients: 
those who did not have a study survey form completed 
by the admitting house physician, physician’s assistant. 
or nurse practitioner, and those not having venipuncture 
blood samples drawn. Venipuncture samples were not 
obtained because of technical oversight or technical dif- 
ficulties, or because the patient was undergoing a proce- 
dure that required fingerstick blood only. 


Study Design 


An extra tube of blood was obtained by venipuncture 
at the time of admission. Each tube of blood was accom- 
panied by a requisition that included the patient’s iden- 
tifier and a code that alerted the laboratory personnel that 
the sample was to be tested for HIV only after the research 


562 


A ` 


Vol. 214« No. 5 


coordinator had assigned the patients random study 
number, and all identifiers had been removed and de- 
stroyed. If a blood sample was not obtained during the 
admission process, the research coordinator collected 
serum from the chemistry laboratory when excess was 
available. 

A survey form was designed that included patient de- 
mographic data and risk factor information. All surgical 
house staff, physician’s assistants, and nurse practitioners 
were taught how to ask questions referable to risk factors, 
and how to complete forms. The research coordinator 
ensured that each patient’s admission packet contained a 
survey form and: a preaddressed envelope marked “Con- 
fidential.” Information was obtained at time of the ad- 
mission examination. Data collected included the follow- 
ing: surgical service, patient age in decade, sex, race, res- 
idence (city, metropolitan area or other), and possible risk 
factors for HIV infection. Risk factors assessed were the 
following: (1) history of a positive HIV test; (2) homosex- 
ual or bisexual male; (3) female partner of bisexual male; 
(4) intravenous drug user; (5) partner of drug user; (6) 
blood transfusion between 1978 and 1985. The ability to 
mark the form “no risk factor,” “other risk factor,” or 
“undetermined” was provided as well. Completed surveys 
were placed in the envelop, sealed, and placed in a folder 
marked “SURVEY,” located in a designated area on each 
unit and in the Same Day Care Center. Completed surveys 
were picked up daily by the research coordinator and 
matched with blood samples, after which a randomly se- 
lected study number was assigned and all patient identi- 
fiers were removed and destroyed. The design and anon- 
ymous character of the study were verified and approved 
by the Johns Hopkins Medical Institutions Joint Com- 
mittee for Clinical Investigation. Because of the anony- 
mous nature of the study, consent was not required or 
obtained. 


Data Analysis 


The survey demographic data were entered into a com- 
puter and identified by the study number. Statistical anal- 
ysis between populations was performed by chi square 
analysis. 


HIV Antibody Enzyme-linked Immunosorbent Assay 


All patients in the study were screened for HIV antibody 
using the Genetic Systems LAV EIA™ enzyme-linked im- 
munosorbent assay (ELISA) System. Two positive and 
three negative controls as well as the patient sample were 
diluted 1:400 and added to microtiter wells, one well per 
patient tested. After incubation and washing, peroxidase- 
labeled goat anti-human immunoglobulin was added to 
the plates and they were again incubated. The plates then 
were washed before addition of chromogen reagent (te- 
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tramethylbenzidine/dimethylsulfoxide in citrate buffer). 
Plates were read at 450 nm on a spectrophotometer. 
The cutoff value was determined by taking the mean 
of the negative controls plus a constant. All reactive sam- 
ples were repeated in duplicate on the following run. If 
the repeated sample tested negative, the patient was con- 
sidered free of HIV infection. If the sample repeated as 
reactive, Western blot confirmatory tests were performed. 


Western Blot Test 


Western blot tests were run on all repeatedly reactive 
ELISA samples using the Biotech/DuPont HIV Western 
Blot Kit. A 1:100 dilution of patient serum as well as 
high-positive, low-positive, and negative controls were 
added to premoistened Western blot strips and allowed 
to react overnight. The strips were washed, and biotin- 
ylated goat anti-human IgG was added. After incubation 
and wash steps, avidin-conjugated horseradish peroxidase 
was allowed to react with the strips, after which they were 
washed and incubated in a substrate containing a mixture 
of 4-chloro-1 naphthol and hydrogen peroxide. Strips were 
again washed and allowed to air dry in the dark before 
reading. The strips were graded for intensity of color and 
band position. A strip with no bands was considered non- 
reactive. A strip was considered reactive if the envelope 
antibodies (p41, gp 120, and 160), plus one or more rep- 
resentative of pol (p31, p 51 or p 66), and gag antibodies 
(p17, p24 or p55) were present. Indeterminate tests were 
those in which one or more bands were present but not 
those that met the criteria for a reactive test. Indeterminate 
tests were considered unsupportive of a diagnosis of HIV 
when they met the following criteria: strong focal single 
bands at p17 (7 cases) or p24 (6 cases), weak bands at 
p51, 55, or a focal band at 41 without evidence of core 
or envelope antibody (4 cases), or a band in a nonviral 
location (1 case). Although these cases could not be fol- 
lowed over time because of the anonymous nature of the 
study, they reflect patterns found to be inconsistent with 
an HIV diagnosis. 


Results 
HIV Test Results 


A total of 5139 patients were operated on by the par- 
ticipating Surgical Services between September 1, 1988 
and May 30, 1989. Both completed survey forms and 
serum for HIV antibody testing were available for 4087 
patients (81% of all patients). Compliance with completion 
of the study forms was monitored weekly. No patient- 
associated bias was observed through exclusion of cases. 
The reasons for omission of a patient was found to be 
due to failure of individual physicians or physician’s as- 
sistants to complete the patient information questionnaire 
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or to complete the required laboratory slips. A given house 
officer either entered no patients or all patients over a 
given week. Compliance was improved during the study 
as familiarity with the program increased and its value 
was appreciated. As noted in Table 1, the patients tended 
to be in older age groups, 59% being over the age of 50. 
The largest percentage of patients were admitted to the 
General Surgery Service (28%), with the smallest number 
to the Pediatric Surgical Service (2%). The population was 
predominately white (80%) and male (54%). Residency 
was within Baltimore City for 41% of the patients, the 
Metropolitan area in an additional 35%, and other loca- 
tions for 24%. 

Of the 4087 patients tested, 43 patients were repeatedly 
reactive on ELISA determinations performed on two dif- 


ferent days. Among the 43 ELISA-positive patients, 18_ 


had a positive Western blot and were considered infected 
with HIV. These 18 patients represented 41.9% of patients 


with a positive ELISA, and 0.44% of the entire study pop- ` 


ulation. Seven had nonreactive Western blots. Eighteen 
patients had repeatedly reactive ELISA determinations, 
but had indeterminant bands on Western blot that were 
inconsistent with HIV infection (Table 2). 


Distribution of Risk Factors 


Of 4087 patients, risk factors were identified in 605 
patients (14.8%). In 91 patients, information concerning 
risk factors was not available. Patients for whom risk factor 
information was not available did not differ significantly 
from the study population as a whole with regard to age, 
sex, or residence in Baltimore City (Table 3). An increase 
was noted in the percentage of black patients (28% vs. 
16.9%) (p = 0.01) when compared with the study as a 
whole. 

Transfusion was the sole risk factor identified in 510 
patients. The demographics of patients with transfusion 
as the only risk factor did not differ from the study pop- 
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ulation as a whole. In contrast patients with a risk factor 
other than transfusion were younger, 76% being under 50 
years of age compared with 39% of patients either with 
no risk factors (p = 0.0001) or the 37% of patients with 
transfusion as the onlv risk factor (p = 0.00001). There 
was a higher preponderance of male patients (62% vs. 
54%) (p = 0.01) and nonwhite patients (52% vs. 17%) (p 
= (0,00001) than in the population as a whole. Also noted 
was an increased residency within the city (60% of those 
with risk factors other than transfusion vs. 39% of those 
with no risk factors) (p = 0.0001). 

Distribution of all risk factors is summarized in Table 
4. As noted, 10 patients reported a previously positive 
HIV test when asked at time of admission. Thirty-four 
were intravenous drug abusers and 31 were partners of 
IV drug abusers. Nineteen males indicated they were ho- 
mosexual or bisexual. Five females were partners of bi- 
sexual males. One patient had hemophilia. 


Identification of Risk Factor on Admission History 


Of the patients with a reactive Western blot and pre- 
sumed HIV infection, 10 of the 18 (55%) gave a history 
of a prior positive HIV determination. Thus in only 8 of 
4087 (0.19% of elective surgical patients) would the sur- 
geon have encountered an HIV-positive patient who had 
not self-declared as HIV positive, if questioned on ad- 
mission. Of the remaining eight patients, three had non- 
transfusion risk factors. One was an IV drug abuser and 
two were homosexual or bisexual males. As shown in Fig- 
ure 1, only five patients (0.12% of the elective surgical 
patients) had either no declared risk factor (3 patients) or 
transfusion as the only risk factor (2 patients). These five 
patients did not differ from the study group as a whole. 
Four were males, two were less than 50 years of age, and 
three were in the 60- to 69-year age group. The 18 HIV- 
positive patients were younger than the study group, with 
only four (22%) over 60 years of age. Twelve (87%) were 


TABLE 1. Age Distribution of Patients With and Without Risk Factors 


Age (yr) Total Study 


No Risk Factor 
<2 4 (0.1) 4 (0.1) 
2-9 49 (1.2) 42 (1) 
10-19 99 (2) 74 (2) 
20-29 307 (8) 249 (7) 
30-39 512 (12) 418 (12) 
40-49 699 (17) 581 (17) 
50-59 771 (19) 645 (19) 
60-69 976 (24) 814 (24) 
>69 639 (6) 540 (16) 
Unknown 31 (0.7) 24 (0.7) 
Total 4087 (100) 3391 (100) 


No. (%). 


Risk Factor 
Transfusion Only Nontransfusion Factor Unknown 

Q (0) 0 (0) 0 (0) 

5 (1.0) Q (0) 2 (2) 
17 (3) 2 (2) 6 (7) 
32 (6) 20 (21) 6 (7) 

55 (11) 25 (26) 14 (15) 
78 (16) 26 (27) 14 (15) 
104 (21) 8 (8) 14 (15) 
131 (26) 11 (12) 20 (22) 
82 (16) 2 (2) 15 (16) 

6 (1) 1 (1) 0 

510 (100) 95 (100) 91 (100) 
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TABLE 2. Age Distribution of Patients With Positive Results of ELISA Screen 


Vol. 214 » No. 5 
Positive ELISA 
Screen 
Age (yr) No. of Subjects No. % Positive No. 
<20 152 0 — 0 
20-29 307 7 16 7 
30-39 512 8 19 5 
40~49 699 4 9 l 
50-59 771 6 14 i 
60-69 976 1] 26 4 
>69 639 7 16 0 
Total 4087 43 100 


Western Blot 





Reactive Indeterminant Nonreactive 
% Positive No. % Positive No. % Positive 

0 0 0 0 0 

100 0 0 0 0 

62 | {2 2 25 

25 3 75 0 0 

17 4 67 I 17 

36 5 45 2 28 

0 5 28 2 28 

18 18 7 





less than 40 years of age. Fifteen of the positive 18 (83%) 
were men, 11 (61%) were black, and 11 (61%) were city 
residents. In contrast, of those patients who had a reactive 
ELISA but who did not have an HIV infection on sub- 
sequent testing, the patients had demographics consistent 
with the study population as a whole. Fifteen (60%) were 
over 60 years of age, 15 (60%) were men, 16 (64%) were 
white, and (24%) were city residents. One patient with a 
positive ELISA and negative Western blot, and four with 
an indeterminant Western blot, had a history of prior 
transfusion. None of the seven negative Western blot and 
none of the 18 with an indeterminate test inconsistent 
with HIV had any risk factor other than transfusion. 


Analysis of Risk Factor Predictive Values 


All 10 patients who claimed a history of prior positive 
HIV determinations were documented to have a positive 
HIV test. Eighteen patients indicated they were homo- 
sexual or bisexual males, and of these, three (16.7%) were 
HIV positive, one of whom gave a prior history of being 


positive. Thirty-five patients were intravenous drug abus- 
ers, and of these, six (17.1%) were HIV positive. Five of 
these six patients gave a history of a prior positive HIV 
test. Of the 510 patients whose only risk factor was a his- 
tory of a blood transfusion, only two (0.39%) were HIV 
positive. This incidence did not differ from the database 
as a whole, and thus did not prove to be a risk factor that 
could be of predictive value. 


Discussion 


At least 18 health care workers, without other risk fac- 
tors, have contacted HIV infection after a known exposure 
to an infected patient in a hospital setting.’ The total 
number of health care workers who have become infected 
is unknown, but is certainly much higher. Until large 
samples of health care workers are checked for HIV status, 
the total number will remain a matter of conjecture. Of 
those health care workers reported to have occupationally 
acquired HIV infection, most have a history of needlestick. 


TABLE 3. Distribution of Risk Factors by Selected Patient Demographic Groups 


Patient 
Demographic 
Group Total Study No Risk Factor 
Sex 
M 2200 (54) 1826 (54) 
F 1815 (44) 1512 (44) 
Unknown 72 (2) 53 (2) . 
Race 
White 3208 (80) 2707 (80) 
Black 747 (18) 574 (17) 
Other 77 (2) 63 (2) 
Unknown 55 (1) 47 (1) 
Residence 
City 1627 (42) 1330 (39) 
Metropolitan 1354 (35) 1134 (33) 
Other 903 (23) 784 (23) 
Unknown 203 (15) 143 (4) 
Total 4087 (100) 3391 (100) 


No. (%). 


Risk Factors 
Transfusion Only Nontransfusion Factor Unknown 

262 (53) 59 (62) 53 (58) 
235 (47) 30 (32) 38 (42) 

13 (2) 6 (6) 0 (0) 
395 (78) 45 (47) 60 (67) 
100 (20) 49 (52) 25 (28) 

10 (2) 0 (0) 4 (4) 

5 (1) 1 (1) 2 (2) 
205 (43) 57 (60) 35 (48) 
180 (38) 22 (23) 18 (25) 

88 (19) 11 (12) 20 (27) 
37 (7) i 5 (5) 18 (20) 
510 (100) 95 (100) 91 (100) 
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TABLE 4, Distribution of Risk Factors 


Reactive ELISA 


Nonreactive or 


Patients With Indeterminant 
Risk Factor Nonreactive ELISA Western Blot Reactive Western Blot 
Specific Risk 
Factors No. % No. % With Risk No. % With Risk No. % With Risk 

Positive HIV test 

result or history 10 0.2 0 0 0) 10 100 
IV drug abuse 34 0.8 28 82 0 0 6 18 
Partner IV drug 

abuser 32 0.8 31 97 0 0 Í 3 
Homosexual or 

bisexual male 19 0.5 14 74 0 0 5 26 
Transfusion 518 13 506 98 6 1.0 6 1.0 
Transfusion as 

only risk 510 12 505 98 3 0.6 2 0.4 


exposure.” There are instances, however, in which the 
infection has apparently taken place after only skin contact 
with blood. These reports are of particular concern to 
surgeons and health care workers in the operating room 
setting. Even though gowns and rubber gloves impervious 
to blood are worn routinely, this by no means protects 
the operating room personnel from contact with blood. 
Studies have demonstrated that as many as 34.5% of gloves 
contain holes,!!!* making skin contact with blood during 





ELISA 


negative 
4044 









Transfusion 
history only 
or 


No risk factor 





* Risk would not be identified by admission history. 


Total subjects | 
4087 


every operative procedure almost a certainty for one of 
the health care workers scrubbed at the operating room 
table. In addition inadvertent punctures of the gowns and 
gloves, and even the skin, with needles, wires, scalpels, 
and other sharp instruments used routinely tn the course 
of surgery, occurs during virtually every operative pro- 
cedure. Thus even though universal precautions are prac- 
ticed in every operating room in this country, defects in 
equipment and breaks in routine occur so frequently, even 






ELISA 
reactive 
43 


Western blot 
reactive 
18 


No history of 
positive HIV test 


Gave history of 
positive HIV test 
10 


Homosexual or 
bisexual male 
2 





Fic. 1. Serologic test results, number of cases of true HIV infection, and information available on admission for infected cases. 
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with the greatest of care taken, that health care members 
are exposed to the potential risk of HIV infection during 
virtually every operative procedure that is performed on 
an infected individual. 

It has been proposed by some that if a patient were 
known to be HIV positive preoperatively, procedural and 
behavioral modifications could take place during elective 
surgical procedures that would further decrease the risk 
of transmitting the HIV infection. For many operative 
procedures that extend beyond a short time, more than 
one nurse participates. Coffee breaks, lunch breaks, and 
the changing of shifts often means more than one, and 
frequently three or four different nurses will be scrubbed 
during a procedure. In addition in teaching hospitals there 
usually are more assistants scrubbed than is absolutely 
needed by the surgeon to perform the operative procedure. 
Whereas most operations generally can be performed with 
one assistant, two or even three house officers often par- 
ticipate, and frequently one or more medical students are 
scrubbed because of the teaching experience afforded by 
such routines. Ifa patient were known to be HIV positive, 
procedures could be changed so that only one nurse 
scrubbed, only the minimal number of assistants necessary 
participated, and perhaps medical students would not be 
allowed to scrub at all. In addition other procedural 
changes could be initiated, such as the using of staplers 
rather than sutures to decrease the likelihood of a glove 
being punctured by a needle. In addition the electrocau- 
tery could be used rather than a scalpel to decrease the 
chance of a scalpel injury resulting in contamination with 
the patient’s blood. Furthermore double gloving, a practice 
that many surgeons dislike because of the loss of “touch,” 
could be mandatory if a patient were known to be HIV 
positive. Special hoods or masks and a special outer gar- 
ment could be worn to decrease the chance of contact 
with blood or body fluids to a negligible level. 

Many or most of these additional precautionary pro- 
cedures have already been adopted in our hospital, as well 
as others, in the emergency setting. It is known that there 
are groups of patients, notably the young man who is 
brought into the emergency room after trauma, in which 
the prevalence of HIV infection is so high that one should 
routinely assume its presence. In these instances many of 
these procedural and behavioral modifications are already 
in place. To adopt them routinely for all elective proce- 
dures, however, particularly in a teaching hospital, would 
be both impractical and undesirable. 

Even though in some settings the prevalence of HIV 
infection is clearly known, for specific populations likely 
to require elective surgery in an interurban hospital, the 
incidence has not been known. This study was initiated 
in Our institution after a several-month debate concerning 
whether or not the risk to operating room personnel was 
high enough to justify routine testing of all elective surgical 
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patients for HIV status, on a voluntary basis. If such a 
program were initiated on a voluntary basis, there would 
be no objection concerning its appropriateness.'*:'* The 
introduction of HIV testing, however, would require a 
change in admission practices for elective surgery patients. 
Blood samples for testing would have to be acquired in 
advance of the day of surgery to permit time for accurate 
time for assessment of antibody status. Had our patients 
been treated as if HIV positive based on screening tests, 
the 60% who turned out to be falsely positive could have 
experienced unnecessary mental stress.'°"!’ If Western blot 
confirmatory tests were used before surgery, lead time 
would have had to be further extended. 

In an effort to determine the prevalence in our hospital, 
the current study was performed. The incidence of HIV 
positivity in our elective surgical population proved to be 
low (0.44% of all elective surgical patients). Despite the 
disastrous consequences of spread of HIV infection, this 
low prevalence alone would bring into question the cost 
effectiveness of routinely screening elective surgical pa- 
tients. Furthermore of the 18 patients who were found to 
be HIV positive during the several-month study, 10 during 
questioning on admission responded that they had been 
HIV positive on prior testing. In addition three other pa- 
tients had strong risk factors, in that one was an IV drug 
abuser, and two were men with a history of homosexual 
behavior. Thus only five patients, or 0.12% of all elective 
surgical patients seen during this several-month period, 
were HIV positive, and would not have been suspected 
of being positive on the basis of simple historical data 
collected at the time of admission. 

In attempting to identify risk factors for HIV infection, 
we collected data concerning transfusions received after 
1978, when HIV infections were identified in the United 
States, up until 1985, after which time blood was checked 
for the presence of HIV. In comparing the 510 patients 
in whom blood transfusion during this period was the 
only known risk factor, their demographics, and chance 
of being HIV positive, did not differ from the study pop- 
ulation as a whole. Thus a history of a blood transfusion 
between 1978 and 1985 is not thought to be a risk factor 
for HIV infection, based on data collected from this study. 
In contrast all 10 patients who gave a history of prior 
positive HIV determination were in fact HIV positive as 
determined during the study period. Of the male patients 
who gave a history of being homosexual or bisexual, 15.8% 
proved to be HIV positive. Among the patients who gave 
a history of being intravenous drug abusers, 17.1% proved 
to be HIV positive. 

As emphasized by Table 5, this study included large 
numbers of patients from different specialties within Sur- 
gery. General Surgery had the largest number of positive 
patients. No other surgical specialty group differed sig- 
nificantly. The data from this study indicating a lack of 
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TABLE 5. Results of HIV Testing by Surgical Service 


Total Study Population 


(n = 4087) 
% Total 

Surgical Service No. Population 
Cardiac surgery 417 > 10 
General surgery 1126 28 
Neurosurgery 492 12 
Oncology 543 i 13 
Orthopedic 439 11 
Pediatrics 49 2 
Plastic surgery 129 3 
Thoracic surgery 124 3 
Urology 536 13 
Vascular surgery 223 5 
Unknown li 0.2 


Z 
© 


pone 


HIV-Positive Patients With 


HIV-Positive Patients No Risk Identified 
(n = 18) (n= 5) 
% of Service % of Service 
Population No. Population 
0 0 0 0 
0 0.9 3 0.2 
0 0 0 0 
2 0.4 0 0 
0 0 0 0 
0 0 0 0 
2 1.6 1 0.8 
0 0 0 0 
Í 0.2 0 0 
3 1.3 | 0.4 
0 0 0 0 





benefit of HIV screening appear applicable to each of the 
surgical disciplines analyzed. 

On the basis of the data collected from this study, it 
has been concluded that the prevalence of HIV infection 
among elective surgical patients, even in a large interurban 
hospital, is low. In addition the majority of patients who 
are HIV positive can be identified by simple questions 
that should be routinely asked on admission. There will 
remain, however, a small group of patients who are HIV 
positive, who cannot be identified by admission history, 
and who thus remain a risk for health care workers, par- 
ticularly in the operating room setting. It therefore remains 
important for universal precautions to be strictly adhered 
to throughout the hospital, and particularly in the oper- 
ating room setting. There does not appear to be any sub- 
stantial benefit, however, to routinely determining the 
HIV status of all patients being admitted for elective sur- 
gical procedures. 

The percentage of patients who proved to be HIV pos- 
itive on different services varied from 0 to 1.6%. There 
did not appear to be a clustering of HIV-positive patients 
within any of the surgical disciplines. 
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Sarcomas of the Gastrointestinal Tract 


Separation Into Favorable and Unfavorable Prognostic Groups by Mitotic Count 
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The authors reviewed the Massachusetts General Hospital ex- 
perience with primary malignant stromal tumors of the gastroin- 


. testinal tract since 1962. Fifty-one of fifty-five lesions were 


leiomyosarcomas, and the most common anatomic location was 
the stomach (47%), followed by small intestine (24%), rectum 
(11%), colon (7%), duodenum (5%), and esophagus (5%). Most 
patients presented with gastrointestinal bleeding. There were 
peaks in age incidence in the fourth and sixth decades. All pa- 
tients underwent surgery initially, and 40 of 55 had resections 
with “curative intent.” Radiation therapy and chemotherapy were 
employed to a lesser extent, mainly in a palliative setting. The 
authors found that using number of mitoses per high-power field 
as the sole determinant of tumor grade yielded two very distinct 
clinical populations. Patients curatively resected with low-grade 
lesions had a better than 80% disease-free survival at 8 years, 
compared with a mean disease-free interval of only 18 months 
for high-grade lesions. In resectable disease, tumor grade appears 
to be the single most important prognostic factor. For gastric 
lesions there was no apparent advantage in extended resections 
compared with lesser resections encompassing all gross disease. 
Because of limited numbers of patients, no benefit could be dem- 
onstrated for adjuvant radiotherapy. 


ALIGNANT STROMAL TUMORS of the alimen- 
M tary tract are an uncommon entity. The first 

sizable series was reported by Golden and 
Stout in 1949,' and since then there have been dozens of 
case reports?” and several large series®*~'? detailing expe- 
rience with smooth muscle tumors at various sites in the 
digestive tract. Nonetheless no one institution has had a 
Jarge enough experience to critically evaluate current 
therapy, particularly multimodal therapy. This is a review 
of the Massachusetts General Hospital experience with 
55 patients with malignant stromal tumors of the digestive 
tract treated since 1962, with a review of the literature 
and discussion of approaches to these lethal tumors. 
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Methods 


Hospital charts of 55 patients who presented between 
1962 and 1986 with primary soft tissue sarcomas arising 
from the esophagus, stomach, duodenum, small bowel, 
colon, and rectum were reviewed. This included 5] 
leiomyosarcomas or leiomyoblastomas, two fibrosarco- 
mas, one malignant Schwannoma, and one neurofibro- 
sarcoma. Retroperitoneal sarcomas were not included. 
Pathology slides of all but four patients were indepen- 
dently and blindly reviewed by two pathologists and 
graded as “high” if more than 10 mitoses were present 
per 50 high-power fields, and “‘low” if there were fewer 
than this. Tumor size, based on actual measurement of 
the gross specimen in most cases, and on the surgeon’s 
description in the remainder, also was tabulated. Clinical 
parameters reviewed included mode of presentation, sur- 
gery performed, tumor location, presence of regional or 
distant metastases at initial operation, whether surgery 
performed was with “curative intent,” and time and lo- 
cation of recurrence, as well as therapeutic modalities 
employed for primary and recurrent disease. 

Of patients reviewed, three were lost to follow-up at 
less than 5 years (at 0.23 and 36 months). Of the remaining 
18 patients alive at last follow-up, the median time fol- 
lowed was 62 months, with a range of 4 to 249 months. 
Life table survival and disease-free survival were calculated 
for various subgroups of patients. 


Results 


There were 31 male and 24 female patients in our series. 
Ages ranged from 36 weeks’ gestation to 87 years of age, 
with bimodal peaks in the fifth and seventh decades (Fig. 
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1). Gastrointestinal bleeding was the most common pre- 
senting symptom (Fig. 2). Anatomic locations of tumors 
are illustrated (Fig. 3). 

All patients were initially treated surgically. Forty pa- 
. tients (73%) underwent resections that were intended to 
produce a cure, in other words, all known tumor was 
encompassed with acceptable gross surgical margins. The 
remaining 15 patients (27%) were considered incurable 
because of hepatic or peritoneal sarcomatosis, but all but 
two had some resection or debulking. . 

Thirty-two patients died within the period reviewed, 
all but three from progression of the sarcoma. Patients 
- with initially unresectable disease were treated with some 


form of palliative surgery in all but two cases. Five of 


fifteen additionally received radiation or chemotherapy. 
Patients with local and distant recurrence were treated 
' with varying combinations of surgery, radiation, and che- 
motherapy. One patient recurred with a solitary liver me- 
tastasis and underwent hepatectomy, but died of operative 
complications. Of 40 patients who underwent curative 
resections, 20 (50%) recurred. Seven of these twenty (35%) 
recurred locally without evidence of distant disease. All 
seven underwent another resection or attempted resection, 
five received radiation (one other had received prior ad- 


juvant radiation), and two also received chemotherapy 


for local recurrence. Six of seven patients died at a mean 
of 9 months after local recurrence; the other patient was 
lost to follow-up with known disease 19 months after local 
recurrence. 

Tumors were graded as high or low based solely on the 
number of mitoses per 50 high-power fields; high grades 
had 10 or more mitoses per 50 high-power fields, whereas 
low grades had fewer than 10. Multiple areas of each slide 
were evaluated, and the highest number-of mitoses was 
used for grading. This yielded 30 high-grade lesions and 
22 low-grade lesions. One patient’s slides were unavailable 
for review but was graded as high based on the reported 
mitotic count on the pathology report. Disease-free sur- 
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Fic. |. Distribution of age incidence at presentation with malignant 
stromal tumors of the gastrointestinal tract. 
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Fic. 2. Symptoms present in patients with malignant stromal tumors of 
the gastrointestinal tract. 


vival was plotted for high and low grades for the group 
subjected to curative surgery (Fig. 4), and life-table survival 
was plotted for high and low grade lesions in the noncur- 
ative resection group (Fig. 5). 

Seven patients received adjuvant radiation for primary 
disease, in other words, radiotherapy was added although 
all gross tumor had been removed. Two of these patients 
received intraoperative radiation. Because the irradiated 
patients were selected on the basis of clinical assessment 
of high risk, no comparative analysis can be made. 

Median disease-free survival for patients with curative 
resections with high-grade tumors was 18 months, whereas 
patients with low-grade tumors curatively resected had a 
10-year disease-free survival in excess of 80%. Life-table 
survival curves were calculated for the group as a whole 
and for specific primary tumor locations (Fig. 6). 

Lastly disease-free survival was plotted for patients who 
underwent curative resections looking at all grades, large 
versus small tumors (Fig. 7). A large tumor was defined 
as 5 cm or greater in average diameter, as used in the 
TNM (tumor, nodes, and metastases) classification system 
for soft tissue sarcomas.”° 
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Fic. 3. Location within the gastrointestinal tract of primary malignant 
stromal tumors. 
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Fic. 4. Disease-free survival in patients resected for cure plotted on the 
basis of the number of mitoses per 50 high-power fields. High-grade 
tumors had 10 or more mitoses. 


Discussion 


Of anatomic sites of the digestive tract, the stomach is 
the most common location of primary malignant stromal 
tumors, 38% to 65% of all gastrointestinal leiomyosar- 
comas in most series,!°!!!3 47% in our series. This rep- 
resents approximately 0.25% of all primary stomach ma- 
lignancies.'* Although somewhat less common in the 
small intestine (24% in our series), leiomyosarcomas rep- 
resent the second most common small bowel malignancy, 
with an incidence one-third to one-half that of adenocar- 
cinoma.!”*! Rectal primaries constitute about 7% of these 
lesions in the literature’!!! (11% of our total), and co- 
lonic, duodenal, and esophageal lesions are quite rare in 
most series, 7%, 5%, and 5% in our series, respectively. 

Approximately 50% of patients presented with acute 
or subacute gastrointestinal bleeding as the major symp- 
tom leading to diagnosis. Less commonly pain and dys- 
pepsia, asymptomatic abdominal mass, or perforation of 
a viscus were the presenting symptoms. Constipation was 
the predominant symptom in the majority of rectal tu- 
mors. 

Diagnostic studies employed were highly variable, re- 
lating to the mode of presentation, the tumor location, 
and the year of presentation. Barium contrast studies were 
employed in most patients. In the 1970s and 1980s, most 
patients with stomach tumors underwent preoperative 
endoscopy, although only rarely did it provide a tissue 
diagnosis. In most patients the diagnosis of malignant 
stromal tumor was not made preoperatively. 

Surgery was the primary treatment for both primary 
tumors and local recurrences. The surgery employed was 
highly variable, because of differences in location of tu- 
mors, size, involvement of adjacent organs, and preference 
of the surgeon. Only for stomach lesions were there suf- 
ficient numbers of patients undergoing resection for cure 
to evaluate different surgical approaches. In this group 
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four patients underwent wedge resection of the tumor, 
four underwent partial gastrectomy, two underwent sub- 
total gastrectomy, and eight underwent resection of in- 
volved adjacent organs, including pancreas, spleen, trans- 
verse colon, and esophagus, in addition to gastric resec- 
tion. Within limits of available follow-up, none of four 
patients with edge resections recurred, three of four with 
partial gastrectomies recurred, one of two with subtotal 
gastrectomy, and four of eight with extended resections. 
Although there was a slightly higher proportion of high- 
grade lesions in patients undergoing larger resections, and 
although there is bias introduced by the surgeon’s choice 
of procedures, one can infer that when feasible, limited 
resection (i.e., wedge resection for stomach lesions) is ad- 
equate. There is nothing to suggest improved recurrence 
figures for more extensive resections in our experience. 

Life-table survivals for the group as a whole versus var- 
ious anatomic locations are depicted in Figure 6. It appears 
that the prognosis for stomach lesions was a bit better 
than for small bowel lesions, with 5-year survivals of 35% 
and 17%, respectively. Survival statistics in the literature 
range from 40% at 2 years'* to 57% at 5 years!” for stomach 
lesions.'*!° A 60% 2-year survival has been reported for 
small bowel lesions, '* whereas 50% has been reported for 
5-year survival for large and small bowel combined.’ The 
outcome for duodenal lesions in our series was uniformly 
poor, but for this and colon, rectum, and esophagus, 
numbers are too small to give meaningful 5-year survival 
statistics. 

- With regard to pathology, we have included four tumors 
that, based on various pathologic criteria, have been clas- 
sified as malignant stromal tumors not of leiomyosarcoma 
histology. We have included these because it 1s thought 
that these lesions share the same stem cell origin as the 
more common leiomyosarcoma, and behave similarly.” 
Much has been written about the importance of histologic 
grade to prognosis. Russell, Suit, and others have empha- 
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Fic. 5. Overall survival by life-table analysis for patients not resected for 
cure plotted by grade. High-grade tumors had 10 or more mitoses per 
50 high-power fields. 
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FIG. 6. Life-table survival plotted according to the primary site of the tumor in the gastrointestinal tract. 


sized the presence of three clinically distinct tumor grades 
for soft tissue sarcomas elsewhere,”° but there is no agree- 
ment in the pathology literature as to how many grades 
of gastrointestinal sarcomas should be recognized, and 
what criteria define the different grades. We used the 
number of mitoses per high-power field, which has been 
recognized as the most important indicator in grading," 
as the sole determinant of grade. As advocated by Ap- 
pelman,”” we used 10 mitoses per 50 high-power fields as 
the minimum determinant for high-grade lesions, and as- 
signed low grades to the remainder, regardless of other 
histologic features. This yielded 31 high-grade lesions and 
22 low-grade lesions in the group as a whole. Using these 
criteria for grading resulted in “upgrading” of a significant 
proportion of patients compared with the original patho- 
logic interpretation, and it is retrospectively apparent that 
his revised grading was more consistent with the clinical 
course of most patients. Furthermore there appears to 
have been a high incidence of undercounting of mitotic 
activity by those pathologists who originally recorded mi- 
totic counts, leading to further undergrading. 

There were roughly equal numbers of high- and low- 
grade lesions in patients who initially presented with un- 
resectable disease. Although total numbers are small, there 
appears to be a slightly longer survival in patients with 
low-grade tumors (Fig. 5). Looking at grade alone in pa- 
tients curatively resected, there is a significant difference 
in disease-free survival between the two groups, as has 
` been recognized by others.”!!-!° The median disease-free 
survival for all high-grade lesions curatively resected was 


just over 18 months, whereas low-grade disease-free sur- 
vival was over 80% at 10 years. Pathologic grade is prob- 
ably the single most important prognostic factor in pa- 
tients with resectable disease at presentation. 

The classification of letomyoblastomas, like pathologic 
grade, is also controversial. Three stomach lesions in our 
series were called leiomyoblastomas. It is apparent from 
the literature that these tumors behave like leiomyosar- 
comas, and the histologic features important to grade are 
the same.®'!’* Although all three leiomyoblastomas in 
our series were disease free at last follow-up, all three were 
low-grade lesions. 

As low-grade lesions behave quite differently than high- 
grade lesions, intraoperative determination of grade by 
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Fic. 7. Influence of tumor size on disease-free survival among patients 
undergoing curative resection. 
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frozen section might be helpful in theory.” It is our ex- 
perience, however, and most authors agree, that frozen 
section grading is quite unreliable. 

Tumor size was not reliable either in predicting tumor 
grade or prognosis. Using 5 cm or greater to define the 
diameter of large lesions (as is used in the TNM staging 
system for soft tissue sarcomas),”° 10 of 18 small tumors 
were low grade, whereas 22 of 33 large tumors were high 
grade. Looking at tumor size independent of grade for 
curatively resected patients, only a small difference in dis- 
ease-free survival is apparent between large and small tu- 
mors (Fig. 7). Thus in contradistinction to sarcomas (in- 
cluding leiomyosarsomas),”° outside the digestive tract, 
size did not appear to be an important prognostic indicator 
in our series, although other authors have suggested that 
tumor size is important.’ 

The usual mode of failure was intra-abdominal metas- 
tasis. In patients with distant recurrent disease, 15 of 19 
(79%) had hepatic spread. Eight of nineteen (42%) had 
studding of serosal and peritoneal surfaces or other intra- 
peritoneal tumor nodules. Only two patients initially re- 
curred distantly outside the abdomen (pulmonary and 
brain metastases). One of these two had neurofibrosar- 
coma histology. In patients who were resected palliatively 
initially, all were considered unresectable because of peri- 
toneal studding or hepatic metastasis. Thus there is no 
need for extensive preoperative evaluation outside the ab- 
domen to determine resectability when the pathologic di- 
agnosis is known, nor can we advocate such tests to screen 
for failure after resection. Lymph node metastases were 
pathologically demonstrated only two patients (4%) in our 
entire series. This underlies the distinct features of gas- 
trointestinal leiomyosarcomas compared with the more 
common adenocarcinomas, and argues against extensive 
lymph node dissections if tumor 1s known to be a leio- 
myosarcoma. 

Late recurrence has been reported to be common with 
gastrointestinal leiomyoblastomas,” although within the 
limits of available follow-up this was not true in our series. 
Only 5 of 20 patients (25%) recurred later than 2 years 
after initial resection, and the latest recurrence was 42 
months, well below our median follow-up time. The me- 
dian time from resection to recurrence was 14 months. 
Treatment for recurrence is illustrated in Figure 4, and 
consisted of varying combinations of surgery, external 
beam irradiation, and chemotherapy (usually including 
adriamycin), although in many patients no treatment was 
employed. Median survival from presentation with distant 
disease was 7 months. 

Of patients initially presenting with unresectable dis- 
ease, one patient received radiation alone, one radiation 
and chemotherapy, four chemotherapy alone, and eight 


no specific therapy beyond initial surgery. Median survival - 
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in this group was 12 months, with three patients living 
26, 33, and 50 months, respectively. 

Seven patients suffered local recurrence without evi- 
dence of distant disease. Despite the multiple modalities 
used in treatment of isolated local recurrence, no patient 
is disease free. 

Six died at a median of 11 months after recurrence, 
and the other was lost to follow-up with disease 19 months 
after recurrence. Thus there were no cures in patients with 
local recurrence. It is impossible to know how many pa- 
tients suffered local failure that was not recognized until 
distant disease was present. 

Radiation therapy has been used chiefly in a palliative 
setting in this and other series. Seven patients received 
adjuvant radiation, two of them intraoperatively. We 
could not demonstrate a difference in disease-free survival 
in this group compared with patients not receiving ad- 
juvant radiation. Of note six of seven patients so treated 
had high-grade lesions. Once again the small number of 
patients receiving adjuvant radiotherapy, the variable 
dosages, and patient selection factors in this retrospective 
analysis do not allow conclusions to be drawn from these 
data. Experience with soft tissue sarcomas in other ana- 
tomic locations, however, suggests a significant role in 
adjuvant and possibly primary treatment with radiation. 
Tepper and co-workers” have treated retroperitoneal sar- 
comas that have been resected, partially resected, or not 
resected and found improved survival and local control 
with radiotherapy, particularly with dosages greater than 
6400 cGy.” Likewise primary radiation controlled soft 
tissue sarcomas of various anatomic sites, again with best 
control at dosages greater than 6400 cGy, in another se- 
ries.” Suit and others*°~*® have shown good results in soft 
tissue sarcomas of various histology occurring in the ex- 
tremities, combining radical radiotherapy with limited 
surgical resection. Sorbe? showed that local failure could 
be diminished in uterine leiomyosarcoma when radiation 
was added, although only if gross disease was left behind 
and was not in a true adjuvant setting. 

It may be that the “radioresistance” of leiomyosarcomas 
often cited by other authors*!*!° is a function of inade- 
quate dosage. To attain a dosage of more than 6000 cGy 
within the abdomen to treat either gross or microscopic 
residual disease, the intraoperative technique is most 
promising. Only two patients in our series received intra- 
operative radiation in adjuvant setting, both of whom had 
high-grade lesions (one duodenal, one gastric), with sur- - 
vivals of 29 and 41 months, respectively. One other patient 
was treated for pelvic recurrence of a rectal primary with 
intraoperative radiation alone and was lost to follow-up 
with residual disease 19 months later. 

Given the significant incidence of isolated local failure 
(35% of all recurrences), and its uniformly poor outcome, 
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a case can be made for attempting to improve local control 
with radiation therapy, including boost doses delivered 
intraoperatively, at least in high-grade lesions. Ideally this 
should be studied in a prospective randomized fashion, 
but the rarity of these tumors does not allow such a trial. 

The problem of microscopic metastatic disease at the 
time of presentation has yet to be dealt with effectively. 
Results with adjuvant chemotherapy for uterine leiomyo- 
sarcoma have been disappointing.°°"! Dacarbazine and 
adriamycin are the most significant additions to the ar- 
mamentarium,*”** and response rates from 15% to 45% 
have been demonstrated with palliative treatment.” No 
patients in our series received adjuvant chemotherapy for 
primary disease, and we are unable to draw conclusions 
regarding palliative chemotherapy. 


Summary 


We have presented the Massachusetts General Hospital 
experience with malignant stromal tumors of the gas- 
trointestinal tract, most of which were leiomyosarcomas. 
Anatomic incidence, presentation, patient demographics, 
and survival statistics were described and are consistent 
with reports from other institutions. We found that using 
mitotic activity alone to determine tumor grade delineated 
two remarkably different clinical populations, and found 
tumor grade to be the most important prognostic indicator 
for patients with resectable disease. 

A significant proportion of patients suffered isolated 
local failure. Distant failure almost invariably consisted 
of hepatic and intra-abdominal sarcomatosis, and only 
rarely were lymph node metastases or isolated extra-ab- 
dominal metastases seen. Because of the retrospective na- 
ture of this study and small numbers, no benefit could be 
demonstrated for adjuvant radiotherapy. Patients receiv- 
ing chemotherapy lived longer than patients who did not 
in the unresectable group, although patient selection fac- 
tors make the difference uninterpretable. 
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Total Pancreatectomy With Preservation of the 
Duodenum and Pylorus for Chronic Pancreatitis 





In an effort to minimize the nutritional complications that follow 
resection of the pancreas for severe chronic pancreatitis, the 
authors have performed a duodenum-preserving total pancre- 
atectomy in eight patients for severe unremitting pain requiring 
large doses of opiate analgesia. Good relief of pain was obtained 
in six patients (75%), in whom the quality of life was undoubtedly 
improved. There were no problems with the control of diabetes 
after this procedure in any of these patients, and no patient has 
suffered any hypoglycemic attacks requiring medical treatment. 
This improved control of the diabetic state is probably related 
to a more physiologic state of the upper digestive tract, enabling 
a normal food intake. The authors found the operation to be 
technically difficult, however, and although there were no post- 
operative deaths, major complications were encountered in four 
patients. These consisted of postoperative bleeding requiring re- 
operation (two patients), sepsis, and a duodenal fistula, which 
progressed to stenosis. 


EBILITATING PAIN FREQUENTLY complicates 
D severe chronic pancreatitis. Numerous opera- 

tions have been used in an attempt to relieve 
the associated pain,’ some aimed at ductal decompres- 
sion,” others at partial®’ or total excision of the pan- 
creas. In addition, chemical? and operative celiac nerve 
destruction!” has been used. Total pancreatectomy prob- 
ably offers the best hope of complete pain relief in these 
patients,'':'? but with pancreatectomy comes substantial 
disability resulting from the reconstructed gastrointestinal 
tract. 

Some 40 years after Whipple’s description of the one- 
stage pancreatoduodenectomy, surgeons are beginning to 
rediscover the benefits of an intact pylorus and duodenum. 
With this in mind, Traverso and Longmire'* developed 
the “pylorus-preserving Whipple,” a procedure that has 
attracted its supporters.’*-'® More recently there have been 
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reports of duodenum-preserving total'’'® or partial 


pancreatectomy*’!? for benign disorders of the pancreas. 

This paper audits our technique and experience with 
the first eight patients who, because of chronic pancreatitis 
and intractable pain, have undergone total pancreatec- 
tomy with preservation of the pylorus and duodenum at 
our institution. 


Patients 


Four male and four female patients have undergone 
the procedure between February 1984 and December 
1989 at Ninewells Hospital (Table 1). All operations were 
performed by the senior surgeon (A.C.) with the assistance 
of senior surgical registrars. Patients were 38 to 70 years 
of age (mean, 49). The indication for operation in all pa- 
tients was debilitating chronic pain. All were chronically 
dependent'on opioid analgesics, and three of the eight 
also were addicted to benzodiazepines. The average du- 
ration of symptoms before operation was 7.9 years. Five 
patients had undergone prior pancreatic or biliary oper- 
ations, and two had repeated celiac ganglion blocks (with 
only transient relief of pain). In all but one, whose cause 
was unknown, the cause of chronic pancreatitis was al- 
cohol abuse. Five patients were insulin-dependent dia- 
betics, and three were taking pancreatic enzyme supple- 
ments before operation. The liver function tests were nor- 
mal in all the patients. 


Operative Technique 


All patients had preoperative gastroduodenoscopy. This 
was performed specifically by a surgeon to exclude gastric 
varices and duodenal pathology. Perioperative systemic 
antibiotic therapy with cefuroxime was used routinely. 
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TABLE 1. Clinical Details of Patients 


576 

Patient Age/Sex Cause Addiction 
l 47/F Alcohol Opiate, Benzodiazepine 
2 70/F Idiopathic Opiate 
3 421M Alcohol Opiate 
4 49/M Alcohol Opiate, Benzodiazepine 
5 46/M Alcohol Opiate 
6 32/M Alcohol Opiate 
7 49/F Alcohol Opiate, Benzodiazepine 
8 48/F Alcohol Opiate, Benzodiazepine 


Arterial and central venous catheters were placed for in- 
traoperative monitoring purposes. | 

Depending on body habitus and prior incisions, either 
a long upper midline or an extended subcostal incision 
was used. After adhesiolysis and assessment of the entire 
abdomen for synchronous disease, the pancreas is fully 
exposed as follows. The lesser sac is opened by detachment 
of the greater omentum from the transverse colon and 
mesocolon from hepatic to splenic flexure. The essential 
steps of the operation are illustrated in diagram form in 
Figure |. 

The peritoneum of the subhepatic pouch is divided well 
lateral to the duodenum, which, together with the head 
of the pancreas, is mobilized by pledget dissection and 
lifted from the underlying vena cava and aorta. With the 
colon mobilized and retracted inferiorly, and the stomach 
and greater omentum retracted superiorly, the entire an- 
terior surface of the gland is inspected and palpated for 
degree of fixation to the retroperitoneum and mass lesions. 

If easily identified at the superior border of the pancreas, 
the splenic artery is next ligated just distal to the common 
hepatic artery. The lienorenal ligament is divided up to 
the gastroesophageal junction, and the spleen and tail of 
the pancreas (if present) are mobilized out of their ret- 
roperitoneal position. Dissection continues from left to 
right until the neck and uncinate process are reached. The 
splenic vein is ligated at its junction with the portal vein. 
The inferior mesenteric vein is taken routinely. 

The separation of the head of the pancreas from the 
duodenal curve is achieved as follows: With care to pre- 
serve the right gastric and its branches to the duodenum, 
the gastroduodenal artery is ligated behind the first part 
of the duodenum. The lower end of the common bile 
duct is dissected free from the hepatic artery and the portal 
vein and traced down to the head of the pancreas. The 
fascial plane around the intrapancreatic segment of the 
bile duct is opened by scissor dissection. This is an im- 
portant practical step. This dissection is carried out for a 
distance of 1.0 to 1.5 cm in the concentric lamina of fi- 
broareolar tissue that surrounds the intrapancreatic seg- 
ment of the bile duct. The dissecting scissors are intro- 
duced in the closed position in this lamina alongside the 


Diabetes Pain (yr) Prior Operations 

Yes >3 Cholecystectomy 
Vagotomy and drainage 

No >4 Cholecystectomy 

Yes >10 Cystoenterostomy 

No >12 2/3 Distal pancreatectomy 

No >3 None 

Yes >9 None 

Yes >9 Vagotomy and drainage 

Yes >6 Peustow 


bile duct and then opened to tease away the surrounding 
pancreatic tissue. Medial separation of the duct is often 
difficult at this stage and is best left till later. The separation 
of the head is achieved by combined posterior and anterior 
dissection inside the duodenal curve. The posterior dis- 
section starts with individual suture ligation of the vessels 
on the pancreatic side of the duodeno-pancreatic groove. 
The plane between the duodenum and pancreas consists 
of fibrovascular lamina that is dense in the region of the 
first and second parts of the duodenum but is loose in- 
feriorly (third part). It is opened by sharp knife (size 10 
blade) and scissor dissection. Any bleeding from the duo- 
denal surface is controlled by suture ligation. The dissec- 
tion is deepened until the posterior half of the duodenum 
is mobilized and the termination of the bile duct (ampulla) 
is identified. A band of pancreatic tissue overlying the 
ampulla is fractured to enter the previously dissected plane 
on the lateral aspect of the bile duct. This is easily iden- 
tified because of its yellowish coloration. If the right plane 
is entered, the bile duct is easily separated from the sur- 
rounding pancreatic tissue by pledget dissection. Once 
released from the chronically inflamed fibrotic pancreas, 
the bile duct balloons out (Fig. 2). Medially if the entry 
of the pancreatic duct is identified, it is suture ligated and 
divided. The anterior separation is conducted using a 
similar technique. When completed the pancreas should 
be seen separate from the duodenal curve with the bile 
duct lying free along the medial side of the second part 
of the duodenum. The right gastroepiploic vessels (or less 
commonly the superior pancreaticoduodenal branch 
thereof) is ligated, but all the upper jejunal branches from 
the superior mesenteric artery are preserved. The impor- 
tant points concerning the separation of the pancreas from 
the duodenum include the avoidance of electrocoagula- 
tion on or near the duodenum and the use of suture li- 
gation with 4-0 silk in continuity of small blood vessels 
on the duodenal wall. Application of surgical clips is best 
avoided, as these have a tendency to come off when ap- 
plied to viscera. 

After reflecting the tail and body of the pancreas up 
and to the right, the small branches from the superior 
mesenteric vein and artery supplying the head and un- 


Vol. 214 » No. 5 


PANCREATECTOMY WITH PRESERVATION OF THE DUODENUM AND PYLORUS 577 





Fic. 1A-D. A, Detachment of the greater omentum and mobilization of the hepatic flexure gives access to the bed of the pancreas. The peritoneum 
well lateral to the duodenum is opened, and the duodenum, paraduodenal areolar tissue, and head of the pancreas are mobilized to the level of the 
aorta. B, The splenic artery is divided along the upper border of the pancreas distal to the origin of the common hepatic artery. The spleen and tail 
of the pancreas are lifted out of the retroperitoneum by dividing leinorenal ligament. The inferior mesenteric vein is taken where encountered, and 
the splenic vein is taken at its junction with the portal vein. C, The branches of the right gastric artery to the duodenum are preserved, but the distal 
gastroduodenal artery (or pancreaticoduodenal) is divided at the surface of the pancreas. The intrapancreatic bile duct is liberated with scissors 
dissection. Small vessels at the pancreatic—duodenal interface are suture ligated when encountered. D, The distal common bile duct is freed from its 
intrapancreatic course anteriorly, meeting the prior disection posterolaterally. Once liberated from the fibrotic pancreatic tissue, the common bile 


duct “balloons out.” 


cinate process of the pancreas are ligated under direct 
vision. In a similar manner, small venous tributaries to 
the portal vein are taken between ties. Thereafter the pan- 
creatoportal lamina is divided between clamps to control 
its blood vessels, which are ligated, and the specimen is 
removed. 

At the end of the dissection, the duodenum looks 
edematous and dusky with “raw surface” venous oozing 
from its surface. This is controlled with a warm, moist 
pack left undisturbed on the duodenum for approximately 
5 minutes. This usually controls the bleeding and im- 
proves the appearance of the duodenum, which becomes 
less congested and cyanotic. Nasogastric intubation, pref- 
erably with a Salem sump tube, is mandatory after this 
operation because of the duodenal edema, which causes 
a temporary obstruction lasting 7 to 10 days. 

After ensuring hemostasis, soft silicone drains are placed 
in the bed of the pancreas and left to closed gravity drain- 
age. A contrast swallow and limited follow-through is 


routinely obtained on postoperative days 7 to 10. Diabetic 
and nutritional instructions are a strict part of each pa- 
tient’s in-hospital recovery. 


Results 
Technical Difficulty and Intraoperative Complications 


Table 2 lists the intraoperative complications encoun- 
tered using this technique and describes the surgeon’s 
subjective rating of the level of difficulty of each operation. 
Two patients had intraoperative complications from their 
procedures. Patient 6 bled during the dissection of head 
of the pancreas and received 7 units of blood during his 
operation for replacement therapy. Another patient (pa- 
tient 8) sustained a small breach in the duodenum during 
dissection of the head of her pancreas. Although this was 
recognized immediately and sutured, it resulted in a duo- 
denal fistula evidenced by gastric contents in her drainage 
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FIG 2. Complete detachment of the head of the pancreas leaves the com- 
mon bile duct on the posteromedial border of the duodenum. 


tube on postoperative day 8. After 2 weeks of intravenous 
hyperalimentation, tube drainage, and intravenous so- 
matostatin analogue, a mature tract was confirmed by 
contrast radiography and the tube was removed. The fis- 
tulous discharge dried up within the next 2 days. This 
patient subsequently developed intractable duodenal ste- 
nosis (vide infra), however. 


Postoperative Morbidity 


Including the duodenal fistula and stricture, postop- 
erative complications occurred in four patients, three of 
whom needed reoperation. Two patients (patients | and 
5) experienced bleeding in the first few postoperative hours 
that necessitated immediate reoperation. The source of 
hemorrhage was a small branch of the portal vein (patient 
1) and a bleeding arteriole in the splenic bed (patient 5). 
The latter patient subsequently developed abdominal pain 
and tenderness that prompted a further laparotomy for 
removal of residual (uninfected) blood clots. Patient 4 
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developed a septic course during her second postoperative 
week. A laparotomy was performed after inconclusive 
imaging studies. Her pancreatectomy was different from 
the rest, in that the common bile duct was intentionally 
transected and reimplanted as a choledochoduodenos- 
tomy because of a distal common bile duct stricture found 
on preoperative endoscopic retrograde cholangiopan- 
creatography. At reoperation she was found to have no 
apparent source of infection. Aspiration of her bile duct 
above the anastamosis, however, yielded coliforms and 
group D streptococci. She responded to antibiotic therapy 
and recovered without further complications. Stenosis of 
the second part of the duodenum and obstructive jaundice 
developed 6 weeks after discharge in the patient with 
postoperative duodenal fistula. At operation a segmental 
resection of the scarred mid-duodenum was performed, 
with reimplantation of the bile duct into the first part of 
the duodenum. Recurrence of the stenosis occurred 3 
months later and was treated by a gastrojejunostomy with 
uneventful recovery, weight gain, and absence of symp- 
toms since then. 


Blood Transfusion Requirements 


The amount of blood (SAG M red cell concentrates) 
transfused during the entire hospital admission ranged 
from 0 to 19 units, with a median of 4 units. 


Pain Relief 


Six of the eight patients reported good pain relief after 
their operations. This was complete in five who have not 
needed any analgesia since discharge after the operation. 
One patient requires occasional non-narcotic prescription 
medication (Valium or paracetamol). 

Pain relief was unsatisfactory in two patients. Patient 
1 reported worsening of her pain and other symptoms, 
and continues to be drug dependent for both pain and 
mental depression. Patient 3 has obtained some pain relief 
but uses mild narcotic analgesics (dihydrocodeine) rou- 
tinely. 


TABLE 2. Operative Results 


Technical 
Patient Difficulty Duration (hr) Complication 

l +++ ? None 

2 + ? None 

3 ++ 35 None 

4 + 3.0 None 

5 +++ 13 None 

6 +++ 5.0 Bleeding 

7 ++ E None 

8 +++ 5.5 Duodenal perforation 
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Long-term Outcome 


Patient 1 died in a road traffic accident 25 months after 
an apparently successful outcome. Patient 4 developed 
adenocarcinoma of the transverse colon during follow- 
up. He is alive and well 35 months after transverse col- 
ectomy for a Duke’s level A lesion. Patient 6 unknown 
to us omitted to take H>-blockers and developed duodenal 
ulceration with acute hemorrhage 18 months after surgery. 
This was treated conservatively with blood transfusion 
and did not require surgical treatment (Table 3). 


Control of Diabetes and Maintenance Therapy 


All patients are kept on insulin, H»-blockers (ranitidine), 
and pancreatic enzyme supplements (Creon). Most have 
reported that their glucose control has become easier after 
the total pancreatectomy and there has been no instance 
of hypoglycemia requiring medical attention. They have 
no postcibal symptoms or diarrhea. Six of the eight pa- 
tients have demonstrated an improved quality of life after 
their operations. The two whose lifestyles remain unal- 
tered are those with continued abdominal pain. 


Discussion 


Not infrequently patients who have undergone pan- 
creatoduodenectomy become gastrointestinal cripples 
with marked postprandial symptoms, diarrhea, and a di- 
minished capacity to eat normal-sized meals. When per- 
formed for carcinoma of the pancreas, the side effects of 
a Whipple resection are minimal by comparison with 
those of the untreated disease. Furthermore this disability 
is limited by the short life expectancy of these patients. 
When performed for benign disease of the pancreas, the 
patient often ends up with an unsatisfactory trade-off be- 
tween relief of pain and the acquisition of severe gastroin- 
testinal symptoms, which often contribute to weight loss 
(from a reduced dietary intake) and poor control of the 


TABLE 3. Postoperative Course and Outcome 


Postoperative Follow-up 

Patient Complications Pain Relief | Medication (mo) 

l Bleeding * Good None fse hii 

2 None Good Rare 51 

3 Cholangitis * Poor Constant 41 

4 None Good None 35 

5 Bleeding * Good None 33 

6 None Good None 17 

7 None Poor Constant 12 

8 Duodenal fistula Good None 8 


and stricture t 


* Died in road traffic accident; unremarkable postmortem findings. 
t See text. 
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diabetes. This results in a tendency to severe, and occa- 
sionally fatal, hypoglycemic attacks. 

In recent years there has been a trend toward conser- 
vation of the upper gastrointestinal tract in surgical op- 
erations involving the pancreas. Resection of the gastric 
antrum is not considered an essential part of a “standard 
Whipple.” In fact Whipple advocated the retention of all 
but the pylorus for the one-stage pancreatoduodenec- 
tomy.”° Antrectomy is practiced in an effort at reducing 
the incidence of peptic ulceration,”' but with the avail- 
ability of H>-blockers, this additional procedure is no 
longer necessary. It is indeed counterproductive, because 
the reduction in the gastric reservoir capacity and altered 
physiology of the upper gastrointestinal tract frequently 
lead to malnutrition, early satiety, weight loss, dyspepsia, 
and dumping symptoms.”?-”* In addition bile reflux gas- 
tritis or esophagitis occurs frequently, even with “‘divert- 
ing? reconstructions. These considerations have led 
Traverso and Longmire’? and others'*:'*>° to adopt the 
pylorus-preserving Whipple for the treatment of peri- 
ampullary cancer and benign disorders of the pancreas. 
Undoubtedly this procedure is ulcerogenic.'*'®*’ This 
predisposition to ulcer disease is possibly aggravated by 
the loss of alkaline duodenal secretions.*® This problem 
is minimized, however, by long-term therapy with H3- 
blockers and, if necessary, omeprazole. Preservation of 
the pylorus (without duodenum) probably causes a delay 
in gastric emptying during the early postoperative period.” 

Encouraged by the results of near total pancreatic re- 
section for infant nesidioblastosis,'’ and pancreatic head 
resections for chronic pancreatitis, which save both the 
duodenum and a narrow rim of pancreatic tissue,'” the 
group from Middlesex Hospital, London, have performed 
total pancreatectomy with duodenal preservation on a se- 
ries of 17 patients. With minimal morbidity in this difficult 
group of patients, they have reported reasonable pain 
control and good recovery of weight and activity levels. 
In this selected group of patients, only 3 of their 14 patients 
had alcoholism as the basis of their pancreatitis. Delayed 
gastric emptying was experienced and considered to be 
transient in their patients, but these findings were not 
quantified. 

Our experience has shown that a total pancreatectomy 
that preserves both the pylorus and duodenum can be 
performed in patients with chronic pancreatitis, but carries 
a significant postoperative morbidity. The occurrence of 
late stenosis is worrying and suggests that the retention 
of a narrow rim of pancreas between the bile duct and 
duodenum as practiced by Beger el al®!°’ is a sensible and 
important practical point of the procedure. The need for 
indefinite anti-ulcer therapy after this procedure must be 
stressed. Relief of pain with this procedure was obtained 
in 75% of patients. With pain relief, patients can reason- 
ably expect to return to a near-normal lifestyle. The ad- 
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ditional benefit of easier blood glucose control witnessed 
in our patients has also been reported by others.” A duo- 
denum-preserving total pancreatectomy may limit the 
digestive aberrations that usually follow the loss of this 
organ. 
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Portasystemic Shunting Versus Liver 
Transplantation for the Budd-Chiari Syndrome 





HENRI BISMUTH, F.A.C.S. (HON.), and DAVID J. SHERLOCK, M.S., F.R.C.S. 


Over 12 years, 22 patients with the Budd-Chiari syndrome were 
treated surgically. Eighteen underwent a mesenterico-caval shunt 
(MCS); two, a side-to-side portacaval shunt; one, a mesenterico- 
atrial shunt (MAS); and one, a liver transplantation (OLT). One 
patient died after operation from the precipitating condition, and 
two MCS grafts that thrombosed were restored. All 21 surviving 
patients remain well, free from ascites, and all shunts are patent 
after a mean follow-up of 5.6 + 1 years, five patients with more 
than 10 years’ follow-up. This long-term survival achieved by 
portasystemic shunts suggests that they have a major role in the 
treatment of the Budd-Chiari syndrome. The authors prefer the 
mesenterico-caval shunt using a jugular graft. This ensures a 
total portasystemic shunt, avoids subhepatic surgery, and reduces 
the long-term risk of prosthetic graft thrombosis. The MAS was 
reserved for cases with complete caval thrombosis. Patients with 
significant degrees of caval compression were satisfactorily de- 
compressed by MCS. In patients not promptly treated, the dis- 
ease progresses to cirrhosis, and such patients must be evaluated 
for transplantation similarly to those with other hepatopathies. 


resulting from the occlusion of the major hepatic 

veins either during their intrahepatic course, or 
at their junction with the inferior vena cava.'~> The syn- 
drome has a variable clinical presentation, depending on 
how many hepatic veins are involved, the degree of venous 
obstruction, and the rapidity of the thrombosis. Accord- 
ingly, the clinical classification needs care. 

Treatment has been both medical and surgical, and 
therapies have included thrombolytic agents, anticoagu- 
lants, diuretics, and numerous surgical procedures. The 
two surgical therapies with proven value are portasystemic 
decompression (PSD) and orthotopic liver transplantation 
(OLT). With the improving results of OLT, this form of 
treatment has been advocated for patients with Budd- 


T HE BUDD-CHIARI SYNDROME is a clinical disorder 
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Chiari syndrome and end-stage liver disease, and has re- 
cently also been advocated earlier in the disease process. 
Long-term follow-up after PSD from various centers, 
however, also has demonstrated good long-term results. +57 

We have reviewed the results of the surgical manage- 
ment of 22 patients referred to our department between 
1978 and 1989 and present a rationale for treatment of 
this condition in the present era of liver transplantation. 


Patients 


Twenty-two patients with the Budd-Chiari syndrome 
underwent surgery between 1978 and 1989; the mean age 
was 33.5 + 2.1 years, with a range of 18 to 55 years, with 
a female preponderance (male = 3, female = 19). Ten 
other patients were treated nonsurgically during the same 
period: one patient with the fulminant form died in 1981 
before liver transplantation was as feasible as it is today, 
two patients died soon after referral, from dissemination 
of pancreatic cancer and lymphosarcoma, five patients 
with partial hepatic venous thrombosis responded to an- 
ticoagulation, and two patients were found to have such 
widespread portal thrombosis that neither PSS or OLT 
was possible. 

Methods of diagnosis have changed over the study pe- 
riod, but confirmatory evidence is now obtained from 
hepatic ultrasound (US), computed tomography (CT), and 
celio-mesenteric angiography with delayed phase portog- 
raphy (CMA). Occasionally caval venography with ret- 
rograde injection into the hepatic veins and pressure 
studies are still performed, but as our experience with 
ultrasound has increased, this study has been required 
less. All patients had preoperative endoscopy to evaluate 
varices. The greatest diagnostic importance was placed on 
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the absence of flow in the hepatic veins on ultrasonog- 
raphy, the presence of thrombosis on retrograde hepatic 
venography, and changes in liver morphology resulting 
from atrophy and hypertrophy of the liver lobes. 

Patients were clinically graded into three forms ac- 
cording to the criteria given in Table 1. The degree of 
hepatic dysfunction was determined by the Paul Brousse 
Classification of hepatic dysfunction, which is a clinical 
scoring system similar to the Pugh classification.® Patients 
were Classified into grades A, B, and C by awarding points 
for the factors of risk as given in Table 2; the actual num- 
bers of points awarded were used for statistical purposes. 

The suspected cause was polycythemia rubra vera in 
12 cases, latent myeloproliferative disease in four, the 
contraceptive pill in two, systemic lupus erythematosus 
(SLE) in one, and in three the cause still remains un- 
known. 

The history and biochemical findings were suggestive 
of the acute form in six patients and of the subacute form 
in the remaining 16, and none of the cases were the 
chronic form. The mean duration of symptoms before 
presentation in the acute form was 2.0 + 0.3 months, 
whereas for the subacute form it was 22.8 + 5.5 months. 
The predominant clinical symptom was ascites in 100% 
of patients. The other important frequent symptoms, 
present in 36% of patients, were malaise and fatigue for 
simple tasks. Significant hepatomegaly was apparent in 
86%, splenomegaly in 41%, collateral veins in 46%, and 
esophageal varices in 54%. There was no difference in 
clinical signs between the acute and subacute forms. 

The liver function tests before operation showed a mean 
serum bilirubin of 40.5 + 5.4 wmol/L, with a serum al- 
bumin of 38.2 + 1.3 g/L and a prothrombin test of 57.2 
+ 3.6% (23 + 1.5/13); in none of these tests was there a 
significant difference between the acute and subacute 
forms. The serum transaminases were significantly ele- 
vated in the acute form compared with the subacute form 
(serum glutamic-oxalo-acetic transaminase [SGOT] = 138 
+ 43 compared with 22.5 + 6.7 IU/l; serum glutamic- 
pyruvic transaminase [SGPT] = 140 + 34 compared with 
38.1 + 10.0 IU/L, p < 0.05), and the estimation of hepatic 


TABLE 1. Classification of Clinical Forms of Budd-Chiari Syndrome 


Raised 
Portal Transaminase 
Form Hypertension Levels Progression 
Fulminant Acute Massive Rapid: death in 
days 
Acute Ascites +++ Moderate Moderate: death 
Splenomegaly + in months 
Subacute Ascites ++ None or slight Moderate, but 
Splenomegaly + variable 
Chronic Ascites + Variable Cirrhosis; death 
Malnutrition inevitable 





Ann. Surg. + November 1991 


TABLE 2. Paul Brousse Classification of Hepatic Insufficiency 


Criterion Points Awarded 
Clinical detection of ascites 

Presence of encephalopathy 

Serum bilirubin > 30 mM/L 

Serum albumin < 3 g/dL 

1/2 prothrombin time % + 1/2 Factor II % < 60% 
1/2 prothrombin time % + 1/2 Factor II % < 40% 


N — — e e 


Grade A, 0 points; grade B, 1-2 points; grade C, >2 points. 


dysfunction was more severe in the acute form (3.0 + 0.26 
points) than in the subacute form (2.25 + 0.19, 
p < 0.05). 

Seven of the twenty-two patients had received previous 
surgery at other centers; three had been temporarily ame- 
liorated by LeVeen shunts, four had had laparotomies for 
a presumed liver tumor, and one patient, who was sub- 
sequently transplanted, had had two portasystemic shunts. 

The most frequent hepatic morphology, demonstrated 
by ultrasonography, was of an enlarged Spigel lobe (seg- 
ment 1) with relative atrophy of both lobes of the liver 
(Table 3). This image was associated with the ultrasonic 
or venocaval demonstration of occlusion of all of the he- 
patic veins, whereas when one of the liver lobes was en- 
larged, the underlying hepatic vein was found to be patent 
as well as the Spigelian hepatic veins. Less common images 
were equal-sized liver lobes and hypertrophy of the right 
lobe. A complete thrombosis of all three of the major 
hepatic veins was more commonly associated with the 
acute form (5/6; 83%) rather than the subacute form 
(5/16; 31%) (p < 0.05). 


Methods 


A standard technique for each portasystemic shunt was 
used and biopsies of the liver were performed in all cases. 
The mesenterico-caval shunt (MCS) was performed by a 
modification of the standard method.’ Since the intro- 
duction of intraoperative ultrasound, the widest point of 
the superior mesenteric vein has been identified ultrason- 
ically. This technique limits the dissection required, and 


TABLE 3. Liver Morphologic Features Shown by Ultrasound 


Lobe with Morphologic 


Changes 
Spigel Left Right No. of Cases 
Hypertrophy Atrophy Atrophy 10 
Hypertrophy Hypertrophy Atrophy 5 
Hypertrophy Atrophy Hypertrophy 2 
Unchanged Hypertrophy Atrophy 3 
Unchanged Unchanged Unchanged 2 
Total 22 
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we did not find it necessary to dissect the portal vasculature 
more distally as described in the mesocaval “C” shunt 
technique.'° A jugular venous graft was used preferen- 
tially,'' although in two patients when the vein was not 
suitable, a prosthesis was used. Portacaval shunts (PCS) 
were performed by the side-to-side technique with a min- 
imum anastomotic length of 1.5 cm.'* The mesenterico- 
atrial shunt (MAS) was performed using an externally 
supported prosthesis by the described technique. '* 

Pressure studies were taken in all cases, with measure- 
ment of the central venous pressure, subhepatic inferior 
vena cava, and either the portal or superior mesenteric 
vein pressures both before and after opening of the shunt. 

Early in the series, patients were assessed by venography 
on the 7th and 30th days after operation or whenever a 
deterioration in the clinical condition of the patient sug- 
gested shunt thrombosis. After the improvements in ul- 
trasound imaging, this technique is now used on days 4, 
7, and 30 (Fig. 1). 

All patients were anticoagulated after operation, ini- 
tially with a continuous intravenous infusion of calcip- 
arine adjusted to maintain the partial thromboplastin time 
at twice normal. Patients were converted to subcutaneous 
calciparine on the seventh postoperative day and contin- 
ued on this regimen for 6 weeks or until the prothrombin 
time was less than twice the control value. Patients were 


95.03.98. 
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then converted to oral anticoagulants, which were con- 
tinued indefinitely. 

A formal clinical reassessment including a biochemical, 
endoscopic, and ultrasonic evaluation was performed at 
6 months. All patients were reviewed yearly by liver func- 
tion tests and liver ultrasonography, but routine liver 
biopsies were not performed. 

All results are expressed as means plus or minus the 
standard error and statistical analysis was performed, 
where appropriate, with the Student’s t test, paired Stu- 
dent’s t test, and chi square tests. 


Results 


In all 22 patients, the prime reason for surgical treat- 
ment was control of ascites, although in the transplanted 
patient there was also evidence of liver failure. The op- 
erations performed were a mesenterico-caval shunt in 18 
cases (16 with a jugular venous graft and two with a poly- 
tetrafluoroethylene graft), a side-to-side portacaval shunt 
in two cases, one mesenterico-atrial shunt, and one liver 
transplant. 

The mean portal pressure before shunt opening was 
elevated at 32 + 2 mm Hg (range, 19-43 mm Hg), com- 
pared with a mean inferior vena caval pressure of 16 + 1 
mm Hg (range, 8-30 mm Hg). This compares with a mean 





FIG. 1. Ultrasound scan of patent mesentericocaval venous shunt 8 years postoperatively. Upper arrow, Superior mesenteric vein. Lower arrow, Vena 


cava. Plus signs are across the diameter of shunt. 
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central venous pressure of 7 + 1 mm Hg, measured si- 
multaneously, and in 10 patients the pressure difference 
in the vena cava, across the liver, was greater than 10 mm 
Hg in the supine position, indicating a significant degree 
of vena caval compression consequent to the enlargement 
of liver segment 1. The decreases in superior mesenteric 
pressures (SMV) in patients treated by MCS, are shown 
in Figure 2, before and after opening of the shunt. In 
seven cases, only a moderate reduction in SMV pressure 
was obtained (3, 4, 5, 6, 7, 7, and 8 mm Hg), but despite 
this, a satisfactory clinical response was achieved (Fig. 2). 

The patient treated by MAS was evaluated before op- 
eration by ultrasound and a nuclear magnetic resonance 
scan (Fig. 3). This demonstrated complete intraluminal 
thrombosis of the retrohepatic vena cava (Fig. 3; arrowed). 
This compared with a patient referred at a similar time 
when the ultrasound demonstrated severe compression 
but no intraluminal thrombosis (Fig. 4). The venogram 
performed in the supine position appeared to confirm oc- 
clusion (Fig. 5A), but when performed with the patient 
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FiG. 2. Superior mesenteric venous pressure (SMV) before and after 


mesentericocaval shuntage in mmHg (n = 18). In seven cases a low 
pressure difference is shown across the shunt (x). 
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FIG. 3. Patient treated by mesentericoatrial shunt with complete venocaval 
thrombosis shown on nuclear magnetic resonance scan. Arrows, Limits 
of thrombus. 


in the lateral position, a normal flow was observed (Fig. 
5B). The patient has had a good response to MCS, despite 
a relatively modest elevation of superior mesenteric ve- 
nous pressure (18 mm Hg), indicating a degree of preex- 
isting spontaneous shunting. 

The patient treated by OLT had been treated by MCS 
at another center but, after the initial response, the ascites 
returned 1 year later. The shunt was found to be patent 
and, despite the addition of a side-to-side portacaval shunt, 
the ascites persisted. The patient was referred with dete- 
riorating hepatic function and encephalopathy, and a 
preoperative ultrasound demonstrated a portal throm- 
bosis, above the level of the bifurcation, extending into 
both main portal branches. This was subsequently con- 
firmed in the pathologic examination of the hepatectomy 
specimen. 

Histologic examination of the routine liver biopsies 
commonly showed centrilobular congestion with hem- 
orrhage and parenchymal cell atrophy. These findings 
were more severe in the acute forms with extensive cen- 
trilobular hemorrhage. A variable degree of fibrosis of the 
centrilobular regions was observed in the subacute forms, 
but in only 3 of the 16 cases was there any evidence of 
extension of the fibrosis to the portal regions. There was 
no established cirrhosis in any of the patients, with con- 
servation of the normal lobular structure and no regen- 
erative nodules. 
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FiG. 4. Ultrasound image of 
patient with Budd-Chiari syn- 
drome showing marked caval 
compression by the hypertro- 
phied liver segment 1, but 
without evidence of intralu- 
minal thrombosis. 


The postoperative 30-day mortality rate was 0%, all 
patients surviving the procedure and immediate postop- 
erative period. One patient died during the original hos- 
pital admission 6 weeks after operation. This patient pre- 
sented with the acute form with longstanding and dete- 
riorating SLE and was considered a high-risk patient. 
Although the ascites responded to the portal decompres- 
sion, she developed cerebral involvement by SLE, lapsed 
into a coma, and died, despite intensive steroid therapy. 

Of the remaining 20 patients treated by portasystemic 
shunts, one has been lost to follow-up 2 years after op- 
eration, but the remaining 19 have been kept under annual 
review. The survival ranges from 6 months to 12 years, 
with a mean follow-up of 5.6 + 1 years; five patients have 
now been followed for more than 10 years. The overall 
survival, by the Kaplan-Meier method, shows a 5-year 
survival of 95%. 

Two shunts thrombosed in the first postoperative week. 
Both were jugular grafts. In one case thrombosis was 
caused by an adjacent hematoma and in the other by a 
minor anastomotic irregularity, and both were corrected. 
The grafts were successfully declotted and remain patent 
at 12 months and 10 years, respectively. Other postop- 
erative complications were acute postoperative renal fail- 
ure associated with septicemia in one patient, which re- 
sponded to treatment, and three patients had postoper- 
ative respiratory problems, one of which required a period 
of respiratory assistance. 
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The ascites gradually regressed in all but two patients 
over the immediate 3 postoperative months, with a com- 
plete reduction in requirements for diuretic treatment and 
paracentesis. All patients were free from ascites and had 
been able to discontinue diuretic medication at the first 
6-month review. 

Liver function tests at 6 months also showed a signif- 
icant improvement, the mean serum bilirubin decreasing 
to 20.0 + 2.6 umol/L (p < 0.01); the mean serum SGOT, 
25.6 + 4.0 IU/I (p < 0.05); the mean serum SGPT, 14.8 
+ 3.4 IU/L (p < 0.05); the reduction in the serum trans- 
aminases being particularly significant in the acute forms. 
All esophageal varices noted before operation were found 
to have substantially reduced on the follow-up endoscopy. 
The general condition of all patients improved with re- 
versal of malaise and an improvement in the general 
health of the patients. 

Over long-term follow-up, neither recurrent ascites, in- 
testinal hemorrhage, nor malaise has been found. None 
of the shunted patients have suffered encephalopathy or 
shown evidence of progression to cirrhosis, thereby war- 
ranting consideration for liver transplantation. Two pa- 
tients have been found to have a solitary hepatic nodule 
on routine ultrasonography and remain under surveillance 
for presumed focal nodular hyperplasia. The majority of 
the patients have returned to a normal lifestyle; 25% are 
known to have restarted employment, and four have had 
a pregnancy. 
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FIG. 5A and B. Venocavagrams of same patient as in Fig. 4. A, Venocavagram in supine position. Arrow, Apparent occlusion of vena cava. B, 
Venocavagram with patient in the lateral position showing relief of the compression as the “weight” of liver segment 1 is relieved from the vena 


Cava. 


Discussion 


With the emergence of orthotopic liver transplantation 
as a successful treatment for a wide variety of liver con- 
ditions,'* it has been suggested that transplantation has 
an increasing place, compared with the derivation pro- 
cedures, for the treatment of the Budd-Chiari syndrome.° 
In the last 12 cases of the series since 1985, transplantation 
was an available option and was considered, but we opted 
for portasystemic shunting on the basis of our experience 
with both procedures. Conclusions on the benefits of one 
treatment over another are clouded by the rarity of the 
condition, its wide variety of precipitating diseases, and 
the diversity of the clinical manifestations. We have at- 
tempted to harmonize our treatment, taking into account 
the causative disease, a careful assessment of the degree 
of hepatic venous occlusion, a precise grading of the clin- 
ical form of the disease, and an assessment of the degree 
of hepatic dysfunction. 

The Budd-Chiari syndrome results from a wide spec- 
trum of primary disorders and has to be differentiated 
from both veno-occlusive disease and membranous oc- 
clusion of the vena cava.'*!® Although the treatment and 
prognosis of veno-occlusive disease is entirely different, 
because patients often have cirrhosis on presentation,’ 
membranous occlusion is often suitable to direct surgical 


division or mesenterico-atrial bypass,’ but is otherwise 
unlike the syndrome seen in western countries. Cases of 
Budd-Chiari syndrome associated with vascular or intra- 
vascular tumors have also a different prognosis, and the 
treatment of such cases is either palliative or by a radical 
resection.'® 

The western type of Budd-Chiari syndrome is com- 
monly associated with myeloproliferative diseases and 
begins as a thrombosis within the major hepatic veins. 
This reduces the venous hepatic outflow and leads to 
marked congestion, and soon, the areas of the liver sup- 
plied by a thrombosed hepatic vein atrophy, whereas those 
regions with a patent venous outflow undergo compen- 
satory hypertrophy. The total hepatic dysfunction depends 
on the balance between these processes, but fortunately 
the Spigel lobe is not subject to venous thrombosis on 
account of its unique, small, and multiple hepatic veins, 
which drain directly into the cava. Consequently even 
with thrombosis of all three hepatic veins, it is able to 
hypertrophy and contribute toward the overall hepatic 
function. 

As the thrombosis frequently occurs with different rates 
and degrees in the three hepatic veins, a broad clinical 
spectrum of the Budd-Chiari syndrome exists that severely 
complicates comparisons between the various treatments. 
We have developed the following clinical classification 
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(Table 1): The fulminant form is seen infrequently and 
presents similarly to the other forms of fulminant liver 
failure. These patients die without transplantation, but 
there are few reports of success, our single case dying be- 
fore a donor liver could be found. In the acute form, there 
is a significant elevation of serum transaminases, reflecting 
hepatic cytolysis, with a short history. The acute form 
also has a higher percentage of complete thrombosis of 
all the major hepatic veins (83% in the acute form com- 
pared with 31% in the subacute form). It is unlikely that 
medical treatment would be effective with such extensive 
thrombosis, and we have offered surgery to these patients. 
In contrast the subacute form has a much longer period 
of presentation and the venous involvement appears nei- 
ther complete nor extensive, with greater volumes of nor- 
mal or hypertrophic liver parenchyma, which explains 
the more gradual presentation. These patients are fre- 
quently referred after failure of medication and as such 
we opt for surgery. With untreated: cases, medical treat- 
ment can be tried but failure is common, although we 
found no evidence to suggest that such a delay of surgery 
could permit the development of cirrhosis. The chronic 
form is the final stage of the condition with established 
cirrhosis and, although none were seen in our series, pre- 
sents as do the other hepatopathies, and death is inevitable 
from the complications of cirrhosis. 

Medical treatment for the Budd-Chiari syndrome has 
generally been unsuccessful, which is not surprising if it 
is used for the inappropriate form of the disease, with 
death inevitable within several years from cirrhosis.**"!® 
It is unlikely that thrombolytic therapy would be effective 
when the thrombus is already several weeks old before 
detection, and therefore unsuitable for dissolution. In 
contrast, anticoagulant treatment may have a role in pre- 
venting further clot formation, and there have been reports 
of its benefits.!? Patients with partial occlusion of the he- 
patic veins and solitary thrombosis of a hepatic vein would 
seem suitable candidates,!*?° and we have had several 
patients who have responded to this approach. LeVeen 
shunts also have been used in this condition, but offer 
only temporary relief of ascites and do nothing to relieve 
the underlying pathologic process. We have seen a patient 
with an extensive thrombosis of the superior vena cava 
propagated by a LeVeen shunt and do not recommend 
this procedure in such patients with an underlying throm- 
bogenic disease. 

The majority of patients require surgical treatment, and 
we advise a portasystemic shunt in all acute forms and 
all subacute forms that had failed to respond to medical 
treatment. The effect of portasystemic shunting is to re- 
duce portal pressure and induce reversal of flow in the 
portal vein. The liver congestion is relieved, preserving 
hepatocytes and permitting liver regeneration, as well as 
reducing the formation of ascites. The vena cava is com- 
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pressed to a varying degree by the hypertrophy of segment 
1 and initially the flow through the shunt is compromised 
by the elevated pressure in the subhepatic vena cava. After 
portal decompression, the hypertrophied Spigel lobe 
gradually reduces in size, the vena caval compression is 
relieved, and the flow through the shunt improves. The 
benefits of portasystemic decompression were initially 
shown experimentally in the dog model by a side-to-side 
portacaval shunt and subsequently repeated in humans.” 
This group of 13 patients has been reviewed recently, and 
12 are alive and well, with follow-up ranging from 3 to 
16 years.’ In contrast to its use in cirrhotic patients, it 
appears that there is little or no msk of encephalopathy 
with this procedure in the Budd-Chiari syndrome.'”"® 
Earlier in our series, two side-to-side portacaval shunts 
were performed, but difficulty was found in approximating 
the vessels as a result of the hypertrophy of the Spigelian 
lobe. Other authors have experienced similar difficulties,” 
and Cameron and Maddrey’? suggested using the mes- 
enterico-caval shunt to avoid this problem. This was orig- 
inally described using a jugular venous graft’! and later 
using a prosthetic graft?” for decompression of portal hy- 
pertension in cirrhotics. We have shown that this shunt 
acts as a total portasystemic shunt,” and our low rate of 
long-term thrombosis with the jugular grafts contrasts 
sharply with that reported after the use of prosthetic in- 
terpositional mesocaval grafts.” Cameron adjusted his 
method from an “H” type shunt to a “C” shunt, anas- 
tomosing the proximal end of the graft to the wider re- 
tropancreatic section of the superior mesenteric vein.'® 
We have not found this modification helpful and prefer 
to find the widest and most accessible section of the su- 
perior mesenteric vein by intraoperative ultrasound. 

Such has been the variation in results of portasystemic 
shunts for the Budd-Chiari syndrome; some authors have 
suggested that vena caval compression with elevation in 
proximal vena caval pressures is an important factor.'® 
We have found that elevation of caval pressure is frequent, 
and as long as it is not occluded, there still remains a 
significant pressure difference between the superior mes- 
enteric vein and vena cava to ensure an adequate flow in 
the shunt. This finding is similar to that reported by Pez- 
zuoli et al.,”! but in such cases, with low pressure differ- 
ences, a high thrombosis rate was found when prosthetic 
grafts were used. We had seven patients with a low pressure 
difference (less than 8 mm Hg; Fig. 2) but all functioned 
well, with good relief of ascites, supporting our choice of 
the short venous “H” graft technique. 

The third commonly used portasystemic shunt is the 
mesenterico-atrial shunt, which was described for patients 
with vena cava obstruction, thrombosis, or occlusion’? 
but, because of the long prosthetic graft, is associated with 
a considerable risk of thrombosis. An initial series from 
the John Hopkins Hospital reported that in three of seven 
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patients treated by a MAS, the shunt thrombosed, with 
only three patients surviving more than 6 months.’ A 
more recent report of 12 cases has shown a 17% throm- 
bosis rate,” with other authors reporting a 0%7° and 25% 
. thrombosis rate,” and long-term survival of five patients 
with occlusion or marked obstruction has been reported.” 
It also appears successful in the oriental version of the 
Budd-Chiari syndrome associated with vena caval mem- 
branes, with 25 of 32 patients having a good result.” This 
procedure is not without its complications, and a recent 
series of 17 patients has reported a 35% 1 month post- 
operative mortality, from sepsis and cardiorespiratory 
complications.” We have used MCS in patients with vena 
caval compression, 10 patients having a gradient across 
the liver region of more than 10 mm Hg above central 
venous pressure. Only in one case, when complete intra- 
luminal thrombotic obstruction of the vena cava was 
demonstrated, was a long prosthetic MAS obligatory. 
Overall the reports of portasystemic shunt from various 
series have shown variable results. Most series are small 
but do have long-term survivors mixed with patients with 
a disappointing survival.*”!*?!28 In contrast the larger 
series such as Orloff and Girard,! Ahn et al.,? and now 
our own, show better overall results, which must partly 
be related to preoperative assessment. In Ahn’s study, the 
2-year survival for surgically treated patients was 54%? 
and Orloff reported a 92% survival in 13 patients, with a 
follow-up ranging from 3 to 16 years.' This is comparable 
to our results in 21 shunted patients with a survival of 
95% at 5 years. Our only early death was in a high-risk 
patient with the aggressive type of SLE associated with 
the Budd-Chiari syndrome.” Early surgery was shown by 


Orloff to protect against the development of cirrhosis,' 


and in none of our patients has the disease progressed to 
cirrhosis. We consider the clinical classification and ul- 
trasound evaluation to be of invaluable assistance in the 
selection of treatment for the Budd-Chiari syndrome and 
suggest that poor results are, in part, due to variable sur- 
gical selection criteria. 

With the rapid improvement in the results of OLT, this 
therapeutic option now deserves serious consideration. 
The first successful OLT for Budd-Chiari was in 1974,7! 
and the Pittsburgh series has now grown to 23 patients.° 
The actuarial survival at 5 years 1s 44.7% in what was, 
before operation, a high-risk group with failed previous 
surgery and marked portal hypertension. Campbell et al.*” 
reported 17 patients transplanted with a 3-year survival 
of 88%, and advised permanent post-transplanatation 
anticoagulation in view of the risk of disease recurrence 
in the new liver. The European Liver Transplant Registry 
records 82 patients who have been transplanted for the 
Budd-Chiari syndrome, with a 3-year survival of 57%.” 

It is difficult to compare these experiences, because none 
of our group of patients had the chronic form, with es- 
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tablished cirrhosis and liver failure, for which we would 
agree that portasystemic decompression has no value other 
than in controlling the bleeding complication of portal 
hypertension.** Our only patient requiring OLT had spe- 
cific indications, after successful portasystemic de- 
compression had failed to relieve the intrahepatic conges- 
tion. This was found to be as a result of intrahepatic portal 
vein thrombosis, which prevented reversal of portal flow 
and is further evidence of a hepatic origin of ascites. An- 
other form of portal thrombosis seen in the Budd-Chiari 
syndrome affects the entire portal system diffusely, and 
we saw two patients like this and neither shunting nor 
liver transplantation was possible, although combined 
liver and small gut transplantation may be an option in 
the future. 

Despite the advantages of transplantation, it does have 
the drawbacks of the need for regular medication, lifelong 
need for medical consultation, and susceptibility to in- 
fection. Although the choice of transplantation is appro- 
priate for the end-stage cirrhotic period of the disease, for 
those patients in the precirrhotic stage, it is difficult to 
ignore the efficacy of the long-term results of portasystemic 
shunting now being reported. Additionally the limited 
success in smaller series must put forward the challenge 
that with improved selection, more appropriate treatment 
can be decided. 


Conclusion 


The successful management of the Budd-Chiari syn- 
drome depends on a balance being achieved between the 
severity of the disease and the severity of the treatment 
prescribed. 

Medical treatment has a chance of working in suitable 
cases with limited hepatic vein thrombosis, which explains 
the sporadic reports of its value. It is also the only possible 
treatment for patients with thrombosis of the entire portal 
system. It is unsuitable to propose such a treatment for 
the fulminant form, however, in which transplantation is 
the only reasonable solution. The acute form seems to be - 
associated with complete thrombosis of all three major 
hepatic veins and as such urgent portasystemic de- 
compression is indicated-—it seems unreasonable to sug- 
gest transplantation for patients without signs of severe 
liver decompensation, in whom we and others have now 
demonstrated there is a good expectation of return of nor- 
mal liver function. For patients with the subacute form 
of Budd-Chiari, in whom medical treatment has failed 
and without evidence of progression to cirrhosis, the por- 
tasystemic shunt ofters good prospects of relieving the as- 
cites and halting disease progression. We prefer the mes- 
enterico-caval shunt using a venous graft, so avoiding op- 
erating in the region of the porta hepatis and ensuring a 
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low thrombosis rate in these patients with underlying 
thrombogenic diseases. 


Liver transplantation should be reserved for those 


chronic cases in whom cirrhosis is an established feature. 
Patients are assessed with similar criteria to the other cir- 
rhotic diseases for liver transplantation. 
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A Long-Term Experience With Biliary Atresia 


Reassessment of Prognostic Factors 





DERYA U. TAGGE, M.D., EDWARD P. TAGGE; M.D., ROBERT A. DRONGOWSKI, M.A., 


KEITH T. OLDHAM, M.D., and ARNOLD G. CORAN, M.D. 


Thirty-four infants with biliary atresia were primarily treated at 
our institution between 1974 and 1987. The mean age at diagnosis 
was 8.8 weeks. The Kasai portoenterostomy was used in 11 pa- 
tients (32%) and the Sawaguchi modification in 23 infants (68%). 
Overall survival was 47% (16/34), with a mean follow-up of 45 
months. Fifteen survivors (94%) are jaundice free, with two hav- 
ing undergone liver transplantation. Survival was not influenced 
by earlier age at operation, size of ductual remnants, or the use 
of an external biliary vent. Good bile flow was predictive of a 
favorable outcome. The incidence of cholangitis was increased 
in the Kasai (87%) versus the Sawaguchi groups (45%) (p < 0.05), 
but 1-year survival rates were similar (55% ys. 64%). The authors 
conclude that portoenterostomy offers a reasonable chance for 
success and should be the initial procedure for biliary atresia. 


challenging conditions in pediatric surgery. Un- 

treated BA has a relentless course to chronic liver 
disease, with essentially no survivors at 2 years." Kasai 
revolutionized the treatment of BA in the mid-1950s, de- 
scribing a biliary-enteric anastomosis without mucosal 
approximation. A recent report from Kasai stated that 
more than 80% of patients can be cured when operative 
treatment is undertaken before 2 months of age.” Western 
results, however, have not been as good. Reports quote 
between a 25% and a 40% incidence of jaundice-free pa- 
tients.7° The role of various factors believed important 
for a successful outcome has been debated: age at oper- 
ation,’~!* size of bile ductules,™!»!3!4 degree of liver fi- 
brosis, !™!1131516 and the need for external vents or anti- 
reflux conduits. The exact role of liver transplantation is 
also controversial. With the advent of down-sized livers 
and the introduction of FK-506, there is an increasing 
challenge for primary liver transplant in the biliary atresia 
patient. 


B ILIARY ATRESIA (BA) REMAINS one of the most 
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From the Department of Surgery, Division of Pediatric 
Surgery, Mott Children’s Hospital, University of Michigan 
Medical School, Ann Arbor, Michigan 


The University of Michigan’s experience with biliary 
atresia is presented here. This includes one of the largest 
experiences outside Japan with the Sawaguchi portoen- 
terostomy. 


Materials and Methods 


Thirty-four patients with biliary atresia received pri- 
mary operative treatment at the University of Michigan 
Mott Children’s Hospital between 1974 and 1987. Their 
charts were reviewed and recent follow-up was established. 
Other infants referred to our institution after a failed por- 
toenterostomy were not included in this series. 

Hepatobiliary scintigraphy was initially performed with 
'317_Rose Bengal scanning. Subsequently a technetium- 
labeled diisopropylimino-diacetic acid moiety (?™Tc- 
DISIDA) was used. In most cases this was performed 
after phenobarbital pretreatment. 


Operative Technique 


Insofar as possible our operative technique has re- 
mained consistent. Through a right subcostal incision, 
the gallbladder was located and an operative cholangio- 
gram was performed with 25% Hypaque®. If the gall- 
bladder was absent, fibrotic, or retained the dye, the in- 
cision was continued across the midline. A methodical 
exploration of the hepatoduodenal ligament was con- 
ducted and the major structures skeletonized. Any struc- 
ture resembling a common duct was used as the focal 
point for subsequent dissection. If none was found, dis- 
section traced the portal vein into the hilum of the liver. 
The fibrotic tissue at the portal vein bifurcation was dis- 


590 


Vol. 214 » No. $ 


sected free and resected. The presence and size of biliary 
ductules were determined. 

A standard Kasai portenterostomy was performe 
Care was taken to dissect and sharply transect the fibrous 
biliary tract well cephalad of the portal vein bifurcation. 
A 20-cm retrocolic Roux-en-Y limb of proximal jejunum 
was used for the portoenterostomy (Fig. 1). A single-layer 
anastomosis was created between the end of the limb and 
the capsule of the liver, so as to place the intestinal lumen 
over the previously transected tissue. A single-layer end- 


d 17,18 


- to-side jejuno-jejunostomy then was performed. 


In the Sawaguchi modification,” a 25-cm section of 
proximal jejunum was isolated (Fig. 2). The porta hepatis 
dissection and retrocolic portoenterostomy were identical 
to the Kasai procedure. The other end of the jejunum 
was brought out below the incision and matured as a cu- 
taneous jejunostomy. Jeyunal continuity was reestablished 
with an end-to-end anastomosis. A Stamm’s gastrostomy 
was fashioned before wound closure. 

A liver biopsy was performed and the portoenterostomy 
drained. The incision was closed in layers with absorbable 
sutures. 
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Fic. 1. Original Kasai procedure. Note the 20-cm retrocolic Roux-en- 
Y limb of proximal jejunum used for the portoenterostomy. 
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FIG. 2. Sawaguchi modification. A 25-cm section of proximal jejunum 
is isolated. The retrocolic portoenterostomy is performed identically to 
the Kasai procedure. The other end of the jejunum is matured as a 
cutaneous jejunostomy. 





Statistical Analysis 


Student’s t test and chi-square analyses were performed; 
p values less than 0.05 were considered significant. 


Results 


Patient Database 


Population statistics for the 34 infants are summarized 
(Table 1). Age at diagnosis ranged from 2.5 to 24.1 weeks, 
with a mean of 8.7 + 4.4 weeks. Preoperative evaluation 
included hepatobiliary scintigraphy in all infants and per- 
cutaneous liver biopsy in 25 (76%). Ultrasonography was 
performed in 20 patients (69%). 

Age at operation ranged from 2.9 to 24.6 weeks, with 
a mean of 9.9 + 4.3 weeks. From 1974 to 1981, 14 of the 
first 15 patients were treated with the Sawaguchi procedure 
(Fig. 3). From 1982 to 1987, 7 Sawaguchi procedures, 
11 Kasai portoenterostomies, and 1 Kasai portochole- 
cystostomy were performed. The gallbladder Kasai was 
eventually revised to a Sawaguchi because of poor bile 
drainage. 
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TABLE 1. Demographic Characteristics of Patients 


With Biliary Atresia ; 
Nh a he 
No. % 
esac lactic ie oe  — e 
Race 
White 25 73 
Black 6 18 
Hispanic 3 9 
Sex 
M 14 4! 
F 20 59 
Anomalies 
Urogenital I 3 
Bronchial l 3 
Multiple l 3 





In Sawaguchi patients in whom bile flow was excessive 
(>200 mL/day), gavage refeeding of their bile was done 
per gastrostomy tube. In patients with poor bile output, 
a regimen of oral ox bile and sodium bicarbonate was 
administered. Nine infants underwent takedown of the 
biliostomy and reestablishment of biliary-intestinal con- 
tinuity 3 to 36 months after the initial procedure. 

Overall survival was 47% (16/34), with a mean follow- 
up of 45 months (Table 2). Fifteen of the sixteen survivors 
(94%) are jaundice free at present. Follow-up time for 
‘survivors with a Kasai (n = 8) was 27.9 months, whereas 
for the Sawaguchi (n = 8), it was 61.6 months. The mean 
survival time of all deceased patients (n = 18) was 16 
months (range, 0.5-75 months). Twelve of these patients 
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Fic. 3. Frequency distribution of the Kasai and Sawaguchi procedures 
over time. From 1974 to 1981, 14 of the first 15 patients underwent the 
Sawaguchi procedure. Since then the number of Kasai operations has 
gradually increased and the number of Sawaguchi procedures has de- 
creased. 
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TABLE 2. Patient Status After Portoenterostomy 











Kasai Sawaguchi Total 
Na. (%) No. (%) No. (%) 
Overall patients 
(n = 34) 
Anicteric 7 (20) 8 (24) 15 (44) 
Icteric 1 (3) 0 1 (3) 
Deceased 3 (9) 15 (44) 18 (53) 
1 yr after operation 
(n = 30) 
Anicteric 6 (20) $7) 11 (37) 
Icteric 1 (3) 9 (39) 10 (33) 
Deceased 2 (7) 7 (23) 9 (30) 
5 yr after operation 
(n = 19) 
Anicteric 1 (6) 6 (38) 7 (44) 
Icteric 0 0 0 
Deceased 1 (5) 8 (50) 9 (56) 


(67%) died during the first year (Fig. 4). This included 
three infants who had successful portoenterostomies, but 
who then progressed to liver failure and death. 

The cumulative l-year survival rate was 70%, whereas 
the overall 5-year survival was 37% (Table 2). Of the 21 
patients alive at 1 year, 11 (52%) were jaundice free. The 
1-year survival for the Kasai versus the Sawaguchi pro- 
cedure was 55% versus 64% (p = 0.067). Six of the seven 
patients who survived 5 years remain alive and jaundice 
free (mean follow-up of 7 years). The one patient died 6 
years after operation from a viral syndrome after hepatic 
transplantation. Of the remaining six patients, one infant 
has had a liver transplant and is doing well. Two additional 


Deaths 





Post-op Year 


Fic. 4. Mortality after the portoenzerostomy. Twelve of 18 patients (67%) 
died during the first year. 
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children have evidence of hypersplenism, with spleno- 
megaly and thrombocytopenia. The oldest survivor is 
currently 13.5 years old. 


Age at Operation 


The mean age at operation was 9.9 + 4.3 weeks. These 
ages were evenly divided: 35% (12/34) were 8 weeks or 
less, 38% (13/34) between 8 and 12 weeks, and 27% (9/ 
34) were older than 12 weeks. Three of the twelve (25%) 
operated on before 8 weeks are alive, whereas seven of 
the nine (78%) older than 12 weeks are alive. One of those 
seven patients has undergone liver transplantation and 
done well. The oldest patient treated was 24.6 weeks old 
and did not survive. Patients who were operated on after 
8 weeks of age had a trend toward better survival than 
those operated on at less than 8 weeks of age (p = 0.06). 
The correlation between older age at operation and an 
improved survival became significant for patients receiv- 
ing treatment at greater than 12 weeks of age (p = 0.038). 

The mean age at operation of patients alive at 1 year 
(n = 21) was 9.6 + 3.5 weeks. Of the nine patients who 
died in the first postoperative year, the mean age at op- 
eration was 8.0 + 3.1 weeks. At 1 year there was no sig- 
nificant difference in age at operation between patients 
who were anicteric (9.6 + 4.0 weeks) and those who were 
icteric (8.9 + 3.7 weeks). The mean age at operation of 
patients alive at the end of 5 years (n = 7) was 8.8 + 2.9 


= weeks. For the 12 patients who died within 5 years, the 


mean age at operation was 8.7 + 5.4 weeks. 


Duct Histology 


Duct size was determined in 33 of 34 patients. In three 
cases (9%) the duct was completely fibrotic and no duc- 
tules could be demonstrated. Sixteen patients (48%) had 
a duct size less than 150 um, whereas 14 patients (43%) 
had duct size greater than 150 wm (Table 3). 

The three patients with completely fibrotic ducts un- 
derwent the Sawaguchi procedure. Bile flow was poor after 
operation (< 20 mL/day) and all were jaundiced at 1 year. 
All subsequently died, one having had a liver transplant 
and one awaiting transplantation. 

Of the 16 patients with duct size less than 150 um, 
seven (43%) were anicteric, three (19%) were icteric, and 
five (31%) had died. One patient had not reached | year 
after operation. All three patients who were jaundiced at 
| year subsequently died. 


TABLE 3. Relationship of Intraoperative Liver Biopsy and Outcome 


Minimal Fibrosis Marked Fibrosis/Cirrhosis 


Anicteric 5 9 
Icteric 0 I 
Deceased l 14 
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Fourteen patients had a duct size greater than 150 um. 
One-year follow-up showed five (36%) patients were an- 
icteric, and three (21%) each were deceased or had not 
reached the 1-year point. 

Thus there was no correlation between duct size in the 
porta hepatis and survival. 


Operative Liver Biopsy 


Operative liver biopsies performed in 30 cases were re- 
viewed. Cirrhosis was noted in 10 cases (33%), marked 
fibrosis in 14 cases (47%), and minimal fibrosis in 6 (20%). 
Fifty-eight per cent (14/24) of patients with either cirrhosis 
or marked fibrosis are deceased, whereas 83% (5/6) of 
those with minimal fibrosis are presently jaundice free (p 
= 0.07) (Table 3). There was no correlation between liver 
histology and age at operation (p = 0.69). 


Bile Flow After Operation Sawaguchi Procedure 


Data were sufficient for analysis in 22 of 23 Sawaguchi 
patients. Five of the twenty-two patients (23%) had good 
bile flow (>60 mL/day); in two cases bile flow was in 
excess of 200 mL/day, necessitating stoma closure to pre- 
vent dehydration and electrolyte imbalance. Four of the 
patients (18%) achieved fair bile flow, with an average of 
20 to 60 mL/day. The remaining 13 patients (59%) had 
poor bile output (< 20 mL/day). There was no correlation 
between the frequency of cholangitis and poor bile flow 
(p = 0.26). In addition there was no correlation between 
ductule size and postoperative bile flow (p = 0.40). Four 
of five patients (80%) with good bile flow remained an- 
icteric. In the 16 patients with fair or poor bile flow, jaun- 
dice did not resolve (p < 0.001). One patient with poor 
bile flow did achieve an anicteric state. 

Overall results at 1 year were compared with postop- 
erative bile flow. Only one of the five patients with stoma 
output greater than 60 mL/day died. The death was sec- 
ondary to hemorrhage from the jejunal loop, but the child 
died with a well-functioning portoenterostomy. Four pa- 
tients had bile flow between 20 and 60 mL/day, of whom 
two (50%) are jaundice free, one (25%) is jaundiced, and 
the other is deceased (gastrointestinal bleed). Only 1 of 
13 patients (8%) with poor bile flow achieved a jaundice- 
free state at 1 year. Of the remaining 12 patients with 
poor bile flow, seven (58%) were alive with jaundice and 
five (42%) died in the first postoperative year. Failure to 
achieve good bile flow directly correlates with death at | 
year (p = 0.02). 


Complications 


All patients were evaluated for ascending cholangitis 
(AC), defined by a febrile episode without other demon- 
strable source. The overall incidence of AC was 56% (19/ 
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34), with 42% (8/19) of those patients having three or 
more episodes. Nine of eleven (82%) Kasai patients and 
10 of 22 (45%) Sawaguchi patients had at least one episode 
of AC (p < 0.05). Thirty-three per cent (3/9) of patients 
with AC after the Kasai procedure are deceased, whereas 
60% (6/10) after the Sawaguchi are deceased (p > 0.05). 

Clinically evident ascites occurred in 19 patients and 
was Judged to be severe in 16. In two additional patients, 
ascites resolved after successful transplantation. Ascites 
remains a minor problem in one patient whose jaundice 
has resolved after a Kasai procedure. There is no evidence 
of ascites in the 15 patients who are currently alive and 
jaundice free. | 

Evaluation for esophageal/stomal varices was made in 
20 patients when clinically indicated. Variceal bleeding 
was a major problem in six infants. Five of these six pa- 
tients died secondary to complications resulting from 
variceal hemorrhage. Esophageal varices resolved in one 
patient who underwent successful liver transplantation. 
Splenomegaly is present in three patients, two of whom 
also have thrombocytopenia. . 

The presence of rickets was evaluated using long bone 
and wrist radiographs in 23 patients. Rickets was a severe 
problem in two patients. It resolved in both patients, in 
one patient 2 years after portoenterostomy, and in the 
other after successful liver transplantation. Rickets was a 
minor problem in two additional patients. 

Assessment of growth and neurologic development was 
made in 26 patients, using standard growth charts and 
neurologic evaluations appropriate for age. Developmen- 
tal retardation was present in four patients (15.4%). 


Liver Transplantation 


Eight patients (24%) were referred for liver transplan- 


tation. Four children (12%) underwent liver transplan- . 


tation, all having initially had a Sawaguchi procedure. Of 
these four, two are deceased after receiving double liver 
transplants each. In one of those cases, a jaundice-free 
state was achieved after the second transplant, but the 
patient died secondary to a viral syndrome. Two patients 
underwent successful liver transplantation and are alive 
and jaundice free. Four patients died awaiting transplan- 
tation. 


Cause of Death 


Liver failure associated with ascites and portal hyper- 
tension was the cause of death in 12 of the 18 patients 
(72%). Two patients died of complications from double 
hepatic transplant each. Two patients died of sepsis sec- 
ondary to severe cholangitis. One patient died of a respi- 
ratory arrest secondary to a viral pneumonia and another 
succumbed secondary to stomal bleeding. 
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| Discussion 

This report represents all biliary atresia patients initially 
treated at our institution since 1974. During that period 
the incidence of biliary atresia has remained relatively 
constant, with some clustering of cases noted in the years 
1981 to 1982 (10 cases). A similar time-spacé clustering 
has been observed by others,™™?! and suggests a role for 
environmental factors in the cause of BA. Several inves- 
tigators have implicated the type 3 reovirus as the infec- 
tious agent,” although no virus has been isolated.”° 
Currently it appears that neonatal hepatitis and biliary 
atresia are opposite ends of a process termed infantile 
obstructive cholangiopathy. This is a dynamic process 
with unknown inflammatory mediators. Once again the 
type 3 virus has been implicated as such a mediator.??° 
Schmeling et al.,?! by activating neutrophils in the biliary 
tract, have recently developed an animal model with many 
of the histologic features of BA. 

Our workup for the jaundiced infant included TORCH 
(toxoplasmosis, rubella, cytomegalovirus, and herpes 
simplex) titers, metabolic screens (particularly alpha-1- 
antitrypsin), duodenal aspiration, percutaneous liver bi- 
opsy, as well as serum liver function tests. The diagnostic 
mainstay was hepatobiliary scintigraphy, however, initially 
with '*'I-Rose Bengal and subsequently with ™Tc-DIS- 
IDA. Altman and Abramson™ reported a 4% false-neg- 
ative rate with ?""Tc-IDA in 50 consecutive cases. We 
have had similar success, with only two false-negative re- | 
sults since the early 1980s. Our patients are routinely 
scanned after phenobarbital stimulation, a technique rec- 
ommended by Majd and Altman.**** Spivak et al.” report 
that only half of their patients without tracer excretion 
actually have BA, however, despite phenobarbital pre- 
treatment. 

Preoperative percutaneous liver biopsies were used ex- 
tensively, particularly in cases with equivocal studies. Al- 
though occasionally helpful, many of the histologic fea- 
tures of neonatal hepatis overlap with those of BA." Thus 
liver biopsy may reduce but not eliminate diagnostic error. 

Ultrasound is used to identify a possible gallbladder, 
to rule out a choledochal cyst, and to evaluate hepatic 
parenchyma and ductal anatomy.?'°°-** The presence of 
a galibladder does not, however, rule out BA; upwards of 
15% of cases may have demonstrable gallbladders. Recent 
reports suggest that a postprandial gallbladder contraction 
greater than 2 mm virtually eliminates the possibility of 
BA, even with an abnormal HIDA scan.” We have not 
used this technique to date. 

Most authors have emphasized the need for early di- 
agnosis and treatment. In Japan a routine screening ex- 
amination is carried out at 1 month of age. At that point 
jaundiced patients are identified and sent to pediatric 
centers specializing in BA. The workup is expedited, with 
some centers applying the Tohoku Congenital Biliary 
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Atresia Test Score System or a computerized multiple 
regression analysis. More recently, mass screening of in- 
fants using dried blood spots has improved the success of 
measuring total or individual (glycocholic or chenode- 
oxycholic) bile acids.*'-** Further assay refinements may 
allow recognition of infants with cholestasis by 2 weeks 
of age. 

During the preoperative. evaluation in Japan, a sense 
of urgency exists to bring each patient to the operating 
room with a minimum of delay.” In our series the mean 
age at diagnosis was 8.7 + 4.4 weeks, which compares 
favorably with other large series.4'°***° Our mean age at 
operation was 9.9 + 4.3 weeks. The 1-week average delay 
resulted largely from interhospital transfer and the 48- 
hour phenobarbital stimulation for HIDA scanning. 

Our overall survival is 47%, with a mean follow-up of 
almost 4 years. Of the 16 survivors, 15 are jaundice free. 
This 44% (15/34) incidence of jaundice-free patients 
compares favorably with series by Kasai (33%),* Howard 
et al. (33%),> Alagille (36%),* and Smith et al. (25%).° We 
have had a 50% (17/34) initial operative success rate, 
which is similar to other series.“°*” Only 3 of those 17 
patients (18%) have subsequently gone on to chronic liver 
insufficiency and death. In addition, we have had little 
problem in our anicteric survivors with ascites (0%), 
bleeding varices (0%), or hypersplenism (18%). This 1s in 
contrast to a number of reports suggesting a relentless 
progression to end-stage liver disease in BA, in spite of 
good bile drainage.*® °° Those series report that the se- 
quelae of portal hypertension develop in 30% to 80% of 
all operative successes. Alagille noted that in his 5-year 
survivors who underwent liver biopsy (n = 20), all had 
cirrhosis (13 micronodular and 7 macronodular).* We 
have not had a similar experience with the clinical man- 
ifestations of chronic liver disease. We can not comment 
on the progressive histologic changes. 

Kasai and others state that a successful operative drain- 
age may halt the proliferation of bile ducts and lead to 
improvement in hepatic architecture.°°>’ They stress the 
importance of the following prognostic factors: (1) age at 
operation, (2) size of bile ductules, (3) degree of fibrosis 
in the liver, (4) surgical technique, and (5) incidence of 
ascending cholangitis.*°’ In our series age at operation, 
bile ductule size, and postoperative cholangitis were not 
significant prognostic factors. Most authors agree that age 
at operation is important.!?>*°* Our data did not support 
this, however. Seven of nine patients (77%) operated on 
after 12 weeks are anicteric. Only 3 of 11 patients (27%) 
operated on at less than 8 weeks are alive and jaundice 
free. Suruga et al.!° report results similar to ours, with 
40% of patients over 90 days having excellent or good 
outcomes. Kasai also, in a long-term follow-up study, 
noted no difference in results with early versus late op- 
eration.’ 
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Our operative success and overall survival could not 
be predicted by duct size. This has been more controver- 
sial, with Altman,!*°* Howard et al.,°’ and Kasai and 
Suzuki!’ all finding improved success with bile ducts 
greater than 150 um. Gautier et al.’>°* and Sondheimer 
et al.'* have published results similar to ours. All groups 
have commented, however, that bile flow can occur re- 
gardless of duct size. It has even occurred in cases in which 
no duct remnants were identified. 146-65 Ohi et al?! have 
identified three microscopic biliary structures: (1) bile 
ducts 150 to 2400 um, (2) collecting ductules of biliary 
glands 75 to 520 um, and (3) biliary glands 40 to 190 um. 
They suggest that only bile ducts can excrete true bile, 
and that much of the debate stems from confusing these 
structures. 

Our data did show a trend toward improved survival 
for those infants with minimal fibrosis on biopsy. Cur- 
rently 83% of those infants are alive and jaundice free. In 
infants with marked fibrosis or cirrhosis, only 38% are 
alive and jaundice free, with 58% having died. Many au- 
thors concur, reporting that the degree of liver fibrosis has 
a direct relationship to prognosis. !®!»!63865 Ito et al have 
examined electron micrographs of intrahepatic bile ducts, 
and found evidence of luminal obstruction even at the 
earliest stage. They concur that the pathologic state of the 
intrahepatic bile ducts is one of the primary factors de- 
termining prognosis. A recent study by Vazquez-Estevez 
et al.,°° however, stated that the severity of liver fibrosis, 
bile duct proliferation, and bile stasis did not correlate 
with survival, whereas giant cell transformation and pa- 
renchymal degeneration did. 

The Sawaguchi modification!’ was our initial operation 
in 1974 and was used exclusively for the first few years. 
It is one of the first-generation portoenterostomies, and 
was the first to effect a complete diversion of bile to an 
abdominal wall stoma. We chose the Sawaguchi for several 
theoretical reasons: (1) to decrease the incidence of post- 
operative cholangitis, (2) to evaluate treatment results by 
monitoring the stoma output, (3) to endoscopically eval- 
uate the porta hepatis, with access for either irrigation or 
curettage. Our data did show a significant decrease in the 
incidence of postoperative cholangitis: 82% for Kasai ver- 
sus 45% for Sawaguchi portoenterostomies. Our experi- 
ence with the Sawaguchi exteriorization is similar to the 
original report from the National Children’s Hospital of 
Japan, which quoted a 46% incidence of cholangitis.°” 
There was no improvement in survival in our Sawaguchi 
group, however. Some authors have found no decrease 
in the incidence of AC with any of the modifications.°? © 
Burnweit and Coln”? found no difference in the incidence 
of AC between nondiverted (32%) and diverted (33%) 
groups. They also noted that diversion increased morbid- 
ity and mortality rates. They believed that the other aspects 
of preventing cholangitis were more important: antibiotic 


596 


suppression, stimulation of bile flow.’!”* prevention of 
scarring with steroid administration,” and reexploration 
of portointestinal anastomosis when indicated.’4~”8 Re- 
cently a technique to prevent AC by creating an antire- 
fluxing valve in the biliary drainage limb has been pro- 
posed.’?-*’ The results are preliminary, but suggest a de- 
crease in the incidence of AC. A recent report reviewing 
904 patients of the Biliary Atresia Registry (1976-1989), 
however, showed that survival was unaffected by either 
the type of reconstruction or the incidence of cholangitis.®° 

In the last several years, there has been an increase in 
the percentage of Kasai procedures performed at our in- 
stitution. Others also have returned to the one-stage Ka- 
sai,/°** sometimes with the addition of a one-way 
valve,®°*° being disenchanted with the various modifi- 
cations. Only one author has had significant success with 
the Sawaguchi,°°*’ with results better than Sawaguchi 
himself reports.°”*® Several factors have convinced us to 
use the original Kasai: (1) there is no increased mortality, 
(2) the original Kasai requires only one operation, (3) the 
incidence of stoma complications, in particular stomal 
varices, is significant,’”*? (4) severe fluid and electrolyte 
disorders can occur with venting,” and (5) the increasing 
use of liver transplantation mandates simplifying the por- 
toenterostomy.?!~-”> 

Liver transplantation is playing an increasing role in 
biliary atresia. Previous 1-year success rates of 30% have 
been replaced by rates of 65% to 70% in the cyclosporine 
era”? Even in children less than 1 year of age, normal 
growth and good organ function can be expected in liver 
transplant recipients,” as have been reported in kidney 
transplant patients.” With the introduction of FK-506, 
results may even be better. Preliminary clinical studies 
show that steroid requirements may be reduced or elim- 
inated with the use of FK-506.” This could further de- 
crease infectious complications and improve growth pat- 
terns. . 

Previous data have shown that only one of four patients 
referred for transplantation will have a good outcome, 
with half of the patients dying while awaiting transplan- 
tation. Thus at present even if it was indicated, it is not 
feasible for hepatic replacement to be the initial treatment 
for biliary atresia. There is a distressing shortage of donor 
organs, particularly for the very young age group.” The 
role of auxiliary liver transplantation is under investiga- 
tion,”® but its clinical application has not been established. 
Kasai’s recent article on liver transplantation in biliary 
atresia states: (1) Anicteric patients do not need to undergo 
liver transplantation, even if they have esophageal varices; 
(2) Patients with persistent severe jaundice (total bilirubin 
> 10 mg/dL) and severe esophageal varices require liver 
transplantation; and 3) Liver transplantation as primary 
therapy may be indicated only for patients over 120 days 
of age with an “enlarged and hard liver.” 
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Many transplant surgeons have stated that portoenter- 
ostomy increases the morbidity and mortality rates of 
subsequent liver transplantation. In a recent study of 
transplanted biliary atresia patients, however, initial por- 
toenterostomy did not significantly affect survival, intra- 
operative blood loss, biliary complications, postoperative 
infection, or the need for retransplantation.!°° Primary 
portoenterostomy can avoid subjecting infants to im- 
munosuppressive agents, with their associated compli- 
cations, at a formative age. Thus most authors would agree 
that portoenterostomy should be the initial treat- 
ment,!°!.!°2 with liver transplantation reserved for either 
initial failure or for the development of chronic hepatic 
insufficiency. '”° This has been our modus operandi in the 
eight patients referred for liver transplantation. Unfor- 
tunately four died while awaiting transplant, and an ad- 
ditional two died after transplantation. Thus only two of 
eight patients (25%) are alive and jaundice free after re- 
ferral for liver replacement. 

` Our overall survival for patients with biliary atresia is 
47%, with the vast majority (94%) jaundice free. Our most 
useful prognostic factors were the degree of hepatic fibrosis 
at initial portoenterostomy and prompt establishment of 
bile flow. Although we have had extensive experience with 
the Sawaguchi modification, we have returned to the 
original Kasai procedure for a variety of reasons, not the 
least important being its simplicity and lower morbidity. 
We also think that liver transplantation plays an important 
role in the ultimate cure of these patients, although our 
experience to date has been limited. The establishment 
of an active transplant program at our institution will 
decrease the significant mortality incurred during the 
waiting period for hepatic replacement. 
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Duplex/Color Doppler Sonography 





EDWARD LEEN, M.B., CH.B.,* JACQUELINE A. GOLDBERG, M.D.,t JOHN ROBERTSON, Pu.D.,+ 
G. ROY SUTHERLAND, F.R.C.R.,* DAVID M. HEMINGWAY, F.R.C.S.,T 


Current imaging modalities are unable to detect small liver me- 
tastases because of limited resolution and contrast differentiation. 
The association between liver metastases and altered liver blood 
flow has been demonstrated by dynamic scintigraphy, but the 
clinical feasibility of this test has been questioned. In this study 
a novel approach to detecting liver metastases was assessed by 
measurement of liver blood flow using a duplex/color Doppler 
System. Hepatic arterial and portal venous blood flows were 
measured in 16 controls, 50 patients with gastrointestinal cancer, 
and 6 patients with breast cancer. The ratio of hepatic arterial 
to total liver blood flow (Doppler perfusion index, DPI) and the 
ratio of hepatic arterial: portal venous blood flow (Doppler flow 
ratio, DFR) were calculated. The DPI and DFR values of controls 
and patients with overt liver metastases were clearly separated 
(p < 0.0001). The results suggest that duplex/color Doppler 
ultrasound measurement of hepatic perfusion changes may be 
of value in the detection of liver metastases. 


OLORECTAL CARCINOMA IS the second com- 
monest malignancy in the United States, with an 
estimated 150,000 new cases in 1989.' Data from 
natural history studies suggest that up to 40% or 60,000 
patients eventually develop hepatic metastases.! Conven- 
tional imaging techniques such as computed tomography 
(CT), ultrasound (US), magnetic resonance imaging 
(MRI), and scintigraphy are capable of diagnosing overt 
hepatic metastases, although they are unable to detect 
small metastases. This is because they are based on tissue- 
tumor contrast and there is a threshold size below which 
they are unable to discriminate between normal and ab- 
normal tissues. Ideally liver metastases should be diag- 
nosed at an early stage, but conventional imaging tech- 
niques continue to be limited by the above factors. 
It is known that the presence of even small hepatic 
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metastases may lead to subtle changes in liver blood flow, 
and it is possible that by monitoring these hemodynamic 
changes, earlier detection of liver metastases may be fea- 
sible. Previous studies have shown that dynamic scintig- 
raphy may be a useful method of detecting the subtle 
changes in liver blood flow associated with hepatic me- 
tastases. Using this technique, a significant increase in the 
ratio of hepatic arterial to total liver blood flow was dem- 
onstrated in a group of patients with overt hepatic me- 
tastases by Parkin and his colleagues.” These workers went 
on to suggest that the changes in perfusion associated with 
the presence of tumor could be of value clinically to detect 
early hepatic metastases.’ 

Dynamic scintigraphy provides an indirect represen- 
tation of liver blood flow. Unfortunately the data are dif- 
ficult to interpret, and the reproducibility of the technique 
has been questioned. It therefore has not been incorpo- 
rated into routine clinical practice.* 

Recent technical improvements in duplex/color 
Doppler systems (e.g., increased sensitivity), however, 
have made it possible to measure blood flow directly. The 
accuracy of duplex Doppler measurement of blood flow 
has been demonstrated in studies of animals and pa- 
tients.”* In contrast to dynamic scintigraphy, duplex/color 
Doppler US is a more direct method of volume flow mea- 
surement, and is therefore likely to be more accurate. It 
also has the advantage of being noninvasive, independent 
of hepatic function, and more readily standardized. 

The aim of this study was to evaluate the use of duplex/ 
color Doppler ultrasound in the detection of hepatic me- 
tastases by measuring changes in hepatic perfusion. 
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~ Methods 


Seventy-two individuals were studied: 16 control sub- 
jects (age range, 23-75 years), 45 patients with colorectal 
carcinoma, 2 with gastric cancer, 2 with carcinoid, 1 with 
esophageal carcinoma, and 6 with breast cancer (age range, 
33~75 years). Twenty-six of the patients with colorectal 
carcinoma, both of the carcinoids, and one of the breast 
cancer patients had overt hepatic metastases. 

Plain and enhanced (100 mL Ulltravist 370) CT ex- 
aminations of the liver were performed in all patients 
(General Electric CT 9800 scanner) to estimate the per- 
centage hepatic replacement by tumor. Scanning of 10- 
or 15-mm slice thicknesses in an adjacent slice sequence 
was undertaken from the dome of the right hemidia- 
phragm to below the right lobe of liver. The cross-sectional 
area of the liver, and the metastatic lesions within the 
liver, were measured in each slice using the in-built com- 
puter software by mapping the perimetry of the regions 
of interest with the “tracker ball.” The percentage hepatic 
replacement was calculated as the sum of the cross-sec- 
tional areas of all metastases from all slices, divided by 
the sum of the cross-sectional areas of all the slices. 

A Diasonics Spectra scanner (Diasonics Sonotron Ltd., 
Bedford, UK) consisting of duplex and color Doppler fa- 
cilities was used to evaluate hepatic perfusion. In the 
Doppler mode, ultrasound waves were emitted and re- 
ceived by a single 3.5 MHz annular probe at a frequency 
of 3 MHz with a repetition frequency of 3.7 kHz. It is 
possible to steer the Doppler beam to any location, and 
the angle between the axis of the Doppler beam and that 
of the vessel examined can be measured from the monitor 
with this system. An angle within the range of 50° to 68° 
was used for velocity measurement. Spectral analysis to 
measure the “time-averaged velocity” was performed us- 
ing fast Fourier transformation, and the Doppler shift sig- 
nal was displayed on the monitor. The system is equipped 
with software to compute the time-averaged velocity (time 
average of the weighted mean of the velocities) from the 
velocity spectrum automatically after placement of the 
calipers at the start and end of one or more cardiac cycles. 
The cross-sectional area of the vessel was measured by 
mapping the perimetry of the vessel lumen manually with 
the “tracker ball.” 

After 12 hours of fasting, all the subjects were examined 
in the supine position with the 3.5-MHz annular probe. 
A transverse scan of the epigastrium was made to locate 
the common hepatic artery in its longitudinal axis. The 
Doppler cursor was placed over the lumen of the common 
hepatic artery segment as near to the origin as possible, 
at the point where it first became horizontally straight. 

The Doppler sample volume and Doppler beam angle 
were adjusted and the time-averaged velocity were cal- 
culated over four cardiac cycles. The cross-sectional area 
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of the artery was measured at the same point by mapping 
the perimeter of the lumen at right angles to the vessel. 
The time-averaged cross-sectional area was calculated by 
taking the mean of areas measured separately over four 
different cardiac cycles. The same parameters were ob- 
tained for the portal vein in a similar manner. Measure- 
ments were taken from as near to the origin of the vessel 
as possible. All measurements were done under respiratory 
suspension in expiration to allow optimal visualization 
of the portal vein and to enable a more acute angle to be 
achieved for Dóppler purposes. Each measurement was 
performed repeatedly until satisfactory spectral patterns 


- were obtained: We have demonstrated that this technique 


yields consistent and reproducible results.’ 
We found that the color Doppler facility enabled 


‘quicker and more accurate identification of the vessels, 
` easier recognition of variations in arterial anatomy, and 


more precise correction of the angle between vessel and 
Doppler beam. 

Blood flow within the vessels was calculated as the 
product of the time-averaged velocity of blood within the 


lumen and the time-averaged cross-sectional area of the 
vessel. 


Absolute values of liver blood flow were obtained by 
using a correction constant (0.82) derived from an in vitro 
model in which the flow measured by duplex Doppler 
was correlated with a calibrated flow meter (r = 0.96; p. 


<0.001).!° 


The ratio of the common hepatic arterial to portal ve- 
nous blood flow was calculated and termed the Doppler 
flow ratio (DFR). The Doppler perfusion index (DPI) was 


_ defined as the ratio of common hepatic arterial to the sum 


of the common hepatic and portal venous blood flows. 
Both ratios were derived from the measured flow values 
in the common hepatic artery and portal vein. 

Informed consent was obtained from all subjects 
throughout the study. The data were analyzed using a 
Mann-Whitney test. 


Results 


The presence of overt hepatic metastases was confirmed 
at laparotomy in 26 of the 45 patients with colorectal 
carcinoma. Both carcinoid cases and one of the six patients 
with breast carcinoma also had overt hepatic metastases; 
all were confirmed histologically. Of those with overt co- 
lorectal liver metastases, the mean percentage hepatic re- 
placement was 21 + 21% (standard deviation [SD]) (<5% 
in 11; 6%-50% in 12; >51% in 3 patients). The percentage 


hepatic replacement in the two patients with carcinoid 


were 41% and 55%, respectively, and 40% of the liver was 
replaced by tumor in the patient with metastatic breast 
cancer. ; 
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Three groups were therefore identified: 


(1) Control subjects 
(2) Patients with overt hepatic metastases 
(3) Patients with apparently disease-free livers 


The results are summarized in Table 1 and Figures 1 
and 2. 

There was a significant increase in the cross-sectional 
area and blood velocity in the hepatic artery in patients 
with overt hepatic metastases, when compared with con- 
trols (p < 0.0001). The hepatic arterial blood flow was 
therefore higher in the group with overt metastases (p 
< 0.0001). Both the cross-sectional area of the portal vein 
and the time-averaged velocity were reduced in the group 
with confirmed hepatic involvement, relative to the con- 
trol group (p < 0.002, p < 0.0003, respectively). The portal 
venous blood flow in the group with overt metastases was 
also significantly reduced (p < 0.0001). Total liver blood 
flow was similar in both groups. 

None of the parameters of liver blood flow correlated 
with age. For the control group, the hepatic arterial flow 
was greater and portal venous flow was less in women 
when compared with men, although only the former was 
significant (p < 0.02). 

The mean value for DFR in the control group was 0.15 
+ 0.10, and in the group with confirmed hepatic metas- 
tases was 1.3 + 0.7. The mean value for DPI in the control 
group was 0.13 + 0.07, and in the group with confirmed 
hepatic metastases was 0.5 + 0.1. There was clear sepa- 
ration of DFR and DPI values of controls and patients 
with hepatic metastases. All patients with overt liver me- 


tastases had DFR values greater than 0.41 and DPI values _ 


greater than 0.29. The upper limit of normal range for 
DFR was 0.15 and 0.36 for men and women, respectively; 


TABLE !. Comparison of Control Group and Patients With Overt 
Colorectal Liver Metastases 


Overt 
Colorectal Colorectal 
Cancer, Cancer, 
Liver Disease- 
Control Metastases Free Liver 
(n = 16) (n = 26) (n = 19) 
Hepatic artery 
CSA (mm?) 18.3 + 5.0 36.9 + 18.6* 22.1 + 8.8 
TAV (cm/sec) 20.4 £ 13.5 38.7+14.0* 339+ 14.4 
Flow (cm3/min™!) 228 + 16! 813 + 385* 468 + 278 
Portal vein 
CS area (mm?) 147 + 38 111 + 26+ 103 + 29 
TA velocity (cm/sec) 17.9 + 6.6 11.1 +4.1$ 12.7 + 2.5 
Flow (cm3/min~!) 1542 + 586 764 + 402* 778 + 252 
DFR O.1540.10 1.27+90.71* 0.66 +0.38 
DPI 0.13 +0.07 0.52+0.13* 0.37+0.15 
* p < 0.0001. 
t p < 0.002. 
p < 0.0003. 


CSA, cross-sectional area; TA, time averaged velocity; DFR, Doppler 
flow ratio; DPI, Doppler perfusion index. 
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the upper limit for DPI was 0.13 for men and 0.26 for 
women. Among patients with overt liver metastases, there 
was no correlation between the percentage of hepatic re- 
placement by tumor and either DFR or DPI (percentage 
hepatic replacement and DPI, coefficient of correlation r 
= 0.231). 

The results of the third group, those with an apparently 
disease-free liver, overlapped those of the first and second 
(Table 1, Figs. 1 and 2). 

The results obtained in patients with and without he- 
patic metastases in the noncolorectal neoplasia group were 
similar to those of the groups with large bowel cancer 
(Figs. 1 and 2). 


Discussion 


Although conventional imaging techniques are poor at 
identifying small liver metastases, newer modalities are 
currently under investigation. Computed tomography ar- 
terioportography (CTAP) and intraoperative US are cur- 
rently regarded as the most sensitive tests for detecting 
small lesions, but both are invasive.''!* (Computed to- 
mography arterioportography requires the superior mes- 
enteric artery to be catheterized for contrast injection be- 
fore CT scanning). In addition, CTAP may be associated 
with a high false-positive rate due to laminar flow per- 
fusion defects. There is evidence to suggest that intra- 
operative ultrasound may be no more helpful than high- 
quality preoperative imaging. '? 

The use of dynamic scintigraphy to estimate the changes 
in liver blood flow associated with intrahepatic tumor has 
been widely evaluated in the United Kingdom.’® A fast 
intravenous bolus of albumin colloid is given to the starved 
subject and activity-time curves generated from liver and 
kidney. Using the renal curve to separate arterial and por- 
tal components of the hepatic curve, a value of the ratio 
of the hepatic arterial to the combined arterial and portal 
venous gradients, known as the Hepatic perfusion index 
(HPI) can be calculated. Unfortunately problems have 
been encountered with the methodology and analysis 
when applying the technique in a clinical setting.*® This 
has led to our evaluation of duplex Doppler sonography 
as a more direct method of estimating liver blood flow. 

Despite technical refinements in pulsed Doppler flow- 
metry, certain potential sources of error in the measure- 
ment of blood flow by this technique remain unchanged. 
The new duplex/color Doppler systems may be more sen- 
sitive to low flow velocities, but errors are likely to persist 
because of the following factors: 


(1) Non-uniform insonation of the vessel 

(2) Errors in estimation of cross-sectional area 

(3) Angle correction 

(4) Ultrasound beam attenuation by tissue between the 
vessel of interest and the probe 


602 


4-0 


DFR 


LEEN AND OTHERS 





Ann. Surg. = November 1991 


Ooo0Q. FEMALE 


oone, MALE 


Fic. 1. Doppler flow ratio (hepatic arterial: 
portal venous blood flow) in control subjects, 
patients with histologically proven liver me- 
tastases, and patients in whom no hepatic 
metastases were detected at laparotomy. 
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These errors can be minimized by standardizing the 
techniques used to make each measurement. The arterial 
measurements were made in the common hepatic arterial 
segment instead of the hepatic artery proper because this 
was easier to standardize for all anatomic configurations, 
thereby improving the reproducibility of the results. In 
patients with normal arterial anatomy, the common he- 
patic artery becomes the hepatic artery proper after the 
right gastric artery branch. Unfortunately the right gastric 
artery is rarely visualized on ultrasound, and it is therefore 
difficult to ensure that measurements are taken from the 
hepatic artery proper. In our study readings were therefore 
always acquired from the origin of the common hepatic 
artery. Fasting of subjects for 12 hours before study en- 
sured that blood flow through the right gastric and gas- 
troduodenal arteries was minimized. 

Despite these potential sources of error in technique, 
the DPI and DFR values for controls and patients with 
overt hepatic metastases were clearly separated. Further- 
more when sex is taken into account, the separation be- 
tween controls and individuals with proven liver involve- 


y 
a 
@ GASTRIC CARCINOMA 
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ment is even more striking. These data suggest that du- 
plex/color Doppler US measurement of DPI and DFR 
can reliably identify patients with overt metastases. Fur- 
thermore the technique does not appear to be restricted 
to colorectal hepatic metastases, but also may apply to 
hepatic metastases from carcinoid and treast cancers. 

Of particular interest is one patient who developed an 
elevated serum carcino-embryonic antigen level after an 
apparently curative resection for colorectal cancer. Liver 
ultrasonography and CT showed no abnormality; DPI 
and DFR values were abnormal. At second-look laparot-~ 
omy, a “solitary” 1-cm diameter liver metastasis was re- 
sected.'4 

The results obtained in the third group of patients— 
those with apparently disease-free livers at laparotomy— 
were of particular interest. A wide spread of DPI and DFR 
values was obtained in this group. This finding is similar 
to that of Leveson and colleagues.’ It is now clear that 
many patients dying with visceral metastases have “‘oc- 
cult?” metastases that are undetected at the time of initial 
surgery. Natural history studies have shown that, despite 
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Fic. 2. Doppler perfusion index (hepatic arte- 
rial:sum of hepatic arterial and portal venous 
blood flow) in contro! subjects, patients with 
histologically proven liver metastases, and pa- 
tients in whom no hepatic metastases were de- 
tected at laparotomy. 
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apparently curative surgery, up to 50% of patients die 
within 5 years of colonic resection. We have previously 
demonstrated that up to a quarter of these patients had 
“occult” liver metastases, in other words, deposits that 
had not been detected at the time of operation.'® Fur- 
thermore we found that the presence or absence of these 
“occult” liver metastases was an absolute determinant of 
death from disseminated disease. 

In their early report of dynamic scintigraphy in patients 
with colorectal cancer, Leveson and co-workers!> found 
that many of the patients with abnormal liver blood flow 
indices included after a potentially curative colonic re- 
section were subsequently found to have developed overt 
liver metastases. Similarly in our study it would be of 
interest to ascertain whether those patients in the third 
group with abnormal DPI and DFR values eventually 
developed overt hepatic involvement. 

The mechanism behind the changes in liver blood flow 
in patients with hepatic metastases remains unknown. 
Nott and co-workers!” and Hemingway and colleagues!’ 
reported similar observations to ours in animal models, 
although Nott noted only the changes in portal blood flow. 
In experimental models, the fall in portal venous blood 
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flow was associated with an increase in splanchnic resis- 
tance. In our study there was no difference in total liver 
blood flow between the control and overt metastases 
groups. The rise in hepatic arterial flow might therefore 
result from the reciprocal relationship between portal ve- 
nous and hepatic arterial flow, which has been observed 
in both non-tumor-bearing animal models and hu- 
mans.'?-?? This would presumably be a homeostatic 
mechanism to maintain hepatic perfusion. Alternatively 
it is possible that the primary increase in hepatic arterial 
flow is due to arterially based angioneogenesis associated 
with hepatic metastases, which leads to a reduction in 
hepatic arterial resistance. 

On the basis of the results obtained in the above study, 
we conclude that duplex/color Doppler US may be of use 
in the detection of small hepatic metastases. Clearly fur- 
ther work is required to establish the sensitivity and spec- 
ificity of this investigation, compared with conventional 
radiological imaging techniques. 
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Tissue Oxygenation, Anemia, and Perfusion in 
Relation to Wound Healing in Surgical Patients 
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Oxygen tension and collagen deposition were measured in stan- 
dardized, subcutaneous wounds in 33 postoperative surgical pa- 
tients. Pertinent clinical and wound parameters were analyzed 
by Pearson’s correlation test and sequential linear regression 
analysis. Collagen deposition was directly and significantly pro- 
portional to wound oxygen tension and measures of perfusion. 
There were no significant correlations with hematocrit, estimated 
blood loss, length of operation, smoking, age, weight, sex, or 
urine output. This study in humans confirms animal experiments 
showing that collagen deposition and tensile strength in wounds 
are limited by perfusion and tissue oxygen tension. It appears 
unnecessary to maintain hemoglobin at normal levels to support 
repair, provided that peripheral perfusion can be maintained at 
a high level in compensation for anemia. These circumstances 
reflect the fact that although oxygen is essential to many aspects 
of healing, and must be delivered at adequate partial pressures, 
reparative tissue consumes relatively little of it. 


URGEONS HAVE LONG recognized that ischemic 

tissues heal poorly and are easily infected. Recently 

that observation has been refined by experiments 
in animals showing that arterial hypoxia retards repair 
even when present as an isolated variable.'~° Furthermore 
most components of healing exceed normal expectations 
during moderate tissue hyperoxia.'© Anemia would seem, 
therefore, to be inimical to healing, and for many years 
surgeons and anesthesiologists have assumed so, largely 
on the basis of marginal evidence in which nutritional 
and blood volume issues were confused with simple, nor- 
movolemic anemia.’~? Some modern textbooks of surgery 
still recommend that hemoglobin levels be maintained at 
or above 10 g/dL, with protection of wound healing given 
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as one of the rationalizations.'”'! Therefore many sur- 
geons find confusing the considerable experimental evi- 
dence that low hemoglobin levels are compatible with 
normal healing, and remain reluctant to tolerate even 
moderate anemia in postoperative patients.'!?-!® 

Unfortunately the anemia question diverts attention 
from the greater significance of experimental data that 
link healing closely to arterial and tissue oxygen tension 
and far less closely to arterial oxygen content.>*®° These 
data together with a century of surgical experience suggest 
that the rate of perfusion of tissue is particularly important 
in ensuring repair and furthermore that rapid perfusion 
of hyperoxic blood can not only overcome the effects of 
significant anemia, but can accelerate healing beyond 
usual expectations. 

The present study was designed to measure oxygen ten- 
sion and perfusion in wounds of surgical patients and to 
correlate them to the rate of collagen deposition, which 
is the major determinant of adequacy of repair in closed 
wounds. The goals were (1) to test the validity for humans 
of prior observations in animals in which collagen de- 
position in wounds was proportional to arterial oxygen 
tension over a broad range extending above and below 
normal levels, and (2) to determine the degree of anemia 
that can be tolerated with respect to healing in human 
patients. 

If the relationship between oxygenation and healing 
found in animals can be proved to apply to man, new 
perspectives open on support of wound healing. For in- 
stance vasodilating agents such as alpha-adrenergic 
blockers, nitroprusside, endothelin, etc., could become 
useful for treatment of endangered wounds. Blood trans- 
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fusions might be avoided, and a rationale might be con- 
structed for hyperbaric therapy. 


Methods 


Wound-tissue oxygen tension (P,.O.) and collagen de- 
position were measured in immediately adjacent, stan- 
dardized experimental wounds in 33 surgical patients, 23 
women and 10 men (Table 1). Patients were solicited if 
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they were to remain in hospital long enough to complete 
the study and were free of obvious impediments to healing 
such as diabetes, malnutrition, uremia, and Cushing’s 
syndrome. Pertinent clinical features were recorded (Ta- 
ble 1). 

At the end of each operation, a gas-sterilized, Luer- 
hubbed Silastic catheter (1 mm outer diameter, 0.8 mm 
inner diameter, 15 cm length) was threaded from caudad 


TABLE 1. Patients Ranked in Ascending Order of Collagen Deposition 


Operation Length Blood Loss 


Patient Operation (min) (mi) 
l Perforated ulcer, 105 50 
cholecystectomy 
2 Modified radical 165 400 
mastectomy 
3 Repair gastric staple line; 330 300 
ventral herniorrhaphy 
4 _ Repair vesicovaginal fistula 480 1050 
5 Intestinal fistulectomy 420 1000 
6 Breast reconstruction; 230 200 
ventral herniorrhaphy 
7 Small bowel resection 300 500 
(Crohn’s disease) 
8 Hepatic lobectomy 210 2600 
9 Femoral herniorrhaphy 110 100 
10 Ventral herniorrhaphy 260 300 
11 Modified radical 180 300 
mastectomy 
12 Lyse adhesions, excision of 180 350 
chylous cyst 
13 Angelchik prostesis 215 350 
(hiatus hernia) 
14 Modified radical 165 800 
mastectomy 
15 Gastric bypass 255 250 
16 Right hemicolectomy 135 100° 
17 Bowel resection 210 300 
(intestinal gangrene) 
18 Ventral herniorrhaphy 180 100 
19 — Ventral herniorrhaphy 70 20 
20 — Ventral herniorrhaphy 250 500 
21 Inguinal herniorrhaphy 110 30 
22 Parathyroidectomy 270 100 
23 Hemicolectomy 240 650 
24 Gastric resection 210 150 
25 Soleus flap 170 50 
26 Oophorectomy 180 500 
27 Modified radical 110 50 
mastectomy 
28 Modified radical 170 200 
mastectomy 
29 Ileostomy takedown 190 200 
30 Gastric resection, 170 150 
Roux-en-Y 
31 Modified radical 180 200 
mastectomy 
32 Common bile duct 430 1500 
exploration 
33 Modified radical 225 250 
mastectomy 
Total 
Mean + SD 220 + 120 
Range 70-480 50-2600 


Collagen ug/cm 


Pre-/Postoperative PscO, Perfusion 

Age HCT (air, max} Score 5 Days 7 Days 
74 56/57 51, 51 0 _ 0.36 
57 39/33 48, 53 l 0.40 0.74 
51 34/29 43, 47 ] 0.70 0.53 
42 45/30 48, 53 l 0.46 1.45 
56 30/31 41, 53 2 2.47 215 
57 40/40 26, 53 ] 2.09 3.04 
39 43/34 44,53 l 2.26 2.78 
60 44/49 52, 63 2 2.36 — 
46 43/37 43, 89 3 2.55 2.95 
68 44/37 44, 64 3 2.78 3.55 
50 37/37 41,73 2 2.90 3,54 
60 38/33 52, 88 3 3.00 coe 
73 35/33 38, 54 3 3.16 3.30 
53 40/27 48, 60 2 1.04 3.53 
52 43/37 44, 63 3 1.94 4.67 
81 39/34 52, 64 2 2.88 3.73 
75 22/28 47, 52 1 3.17 3.73 
34 42/37 34, 68 3 3.55 3.93 
54 45/39 36, 54 3 3.09 4.17 
56 42/31 - 35, 48 3 3.23 4,25 
46 40/40 38, 68 2 3.42 4.00 
33 24/25 57, 85 3 3.61 4.31 
34 48/43 57,81 3 4.1} 0.82 
69 42/31 47, 73 3 6.51 212 
42 18/16 60, 109 3 4,53 4.03 
38 43/37 50, 98 3 4.74 a 
52 43/33 42, 118 3 4.67 5.18 
69 44/36 44, 87 3 3.21 7.63 
64 34/35 28, 44 3 6.33 4.74 
71 34/34 43, 83 3 5.11 6.66 
43 38/40 56, 97 3 — 7.01 
25 40/33 47,91 3 5.42 11.55 
S3 41/41 51, 90 2 7.37 13.65 


414+514 54414 


25-81 


39.27/39 fl 
18-56/16-57 


33+17 4142.8 
0.4-7.4 0.4-13.7 
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to cephalad subcutaneously on the lateral aspect of the 
upper arm by means of an 18-gauge, 10-cm needle (Ab- 
bocath T, Abbott Hospital, Inc., North Chicago, IL) so 
that 7 cm remained in the subcutaneous position. Two 
pieces of porous (extruded) polytetrafluoroethylene 
(ePTFE) tubing (6 cm long, 1 mm OD, pore size 90-120 
um) (Gore-Tex, W. L. Gore & Assoc., Flagstaff, AZ) were 
similarly placed parallel to and approximately two and 
four centimeters laterally from the Silastic tube. A single 
piece of 10- X 12-cm adherent plastic flm was the only 
dressing. 

Wound-tissue oxygen tension was measured 2 to 6 
hours after the operation and daily thereafter. A reference 
(silver/silver chloride) electrode was inserted through a 
stopcock at the hubbed end of the Silastic catheter. Air 
was displaced with saline. A square-tipped, platinum nee- 
dle electrode (Diamond Electrotech, Inc., Ann Arbor, MI) 
was inserted at the opposite end, and the sensor tip was 
positioned subcutaneously.!? Twenty minutes was allowed 
to reach thermal and gaseous equilibrium, and a baseline 
was defined when the readings varied less than 2 mm Hg 
for 10 minutes. Supplemental oxygen was then given by 
a plastic facemask at 5 L/min (fraction of inspired oxygen 
[F102] 0.6-0.7), and P,.O2 was recorded at 5-minute in- 
tervals for at least 20 minutes or until stable readings were 
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Fic. 1. Tissue oxygen tensions previously measured by the current method 
in a group of patients who had abdominal surgery, uneventful postop- 
erative convalescence, no signs of hemodynamic instability, and urine 
output greater than 49 mL/hr, and whose tissue Po, rose in response to 
breathing oxygen and had a measured change in arterial PO,.”” The tissue 
oxygen tension at any given arterial Po, in the patients recorded in this 
figure was lower than that found in normal, unoperated volunteers. 
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obtained. Blood was drawn for arterial gas measurement 
if clinically indicated. - 

The corresponding values of P,.O2 and arterial PO, 
(PaO) were compared with the curve (Fig. 1) constructed 
from data obtained in similar postoperative patients who 
were considered to be well perfused.” When tissue hyp- 
oxia relative to PaO» was found, supplemental fluid (250- 
500 mL 0.9% saline) above the ongoing rate was given 
rapidly and P.O- was remeasured. If PO, increased dur- 
ing the supplemental infusion, more fluid was given until 
there was no further increase or until PO- rose into the 
normal range. All patients breathed supplemental oxygen 
by nasal prongs at 4 L/min for approximately 12 hours 
per day during the first 3 postoperative days. 

The ePTFE tubes were removed on the fifth and seventh 
days and were frozen immediately.”' For assay they were 
twice washed briefly in water to remove soluble proteins, 
specifically complement, which contains some hydroxy- 
proline, and hydrolyzed for 18 hours in 6 N hydrochloric 
acid at 130 C. Total hydroxyproline content was measured 
by a modification of the automated method of Grant.”* 
Results are expressed as micrograms of collagen per cen- 
timeter of ePTFE tubing by multiplying hydroxyproline 
by 6.94. 

This study was approved by the Committee on Human 
Research of the University of California, San Francisco, 
and informed consent and written permission were ob- 
tained from all subjects. 


Data Analysis 


Only the analysis of the first 3 days of oximetry data 
are shown because these days are the most influential for 
collagen deposition,» and because the differences in tissue 
oximetry data between patients lessened after the third 
day as patients recovered. Inclusion of later data tends to 
obscure the important differences found in the first few 
days. 

Pertinent clinical and laboratory data are shown in Ta- 
ble 1. The patients are listed in order of increasing collagen 
deposition. 

The tissue oxygen data were analyzed in several ways. 
First a “perfusion score” based on the Fick principle was 
calculated. On each day of observation, patients were 
classified as well perfused and given a score of | if their 
P,.O2 rose significantly (20% or more) in response to 
breathing oxygen. A score of 0 was given for a lesser re- 
sponse. The meaning of this score rests on the fact that 
tissue oxygen tension can be significantly elevated by in- 
creasing FIO, values only if the oxygen extraction ratio of 
the tissue is small and hence perfusion is excellent. Healing 
tissue constantly extracts only about 0.7 mL oxygen per 
100 mL of perfusing blood when perfusion is normal.?3:*4 
Oxygen delivered in plasma alone (0.3 mL/dL mm Hg) 
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Perfusion score 


FG. 2. The relationship between collagen accumulation on day 5 (ug/cm ePTFE tubing) and perfusion score. Significant difference, p < 0.05 between 
patients with perfusion scores 1 and 3, Student’s t test. Data on day 7 were similar. 


begins to satisfy that need when Pao rises toward 300 
mm Hg. Thus, as shown in Figure 1, P0O2 in well-perfused 
patients continues to rise as Pao; rises even to levels above 
full saturation of hemoglobin. For the same reason, Pao, 
and PO- reach a linear relationship when PaO, reaches 
about 300 mm Hg.” Conversely when perfusion dimin- 
ishes, the extraction ratio of oxygen rises, more hemoglo- 
bin-bound oxygen is consumed, and P.O- decreases and 
becomes increasingly less responsive to changes in Pao.” 
Twenty per cent was arbitrarily chosen as the minimum 
significant change because the PO- measurements are 
reproducible to approximately +5% to 10%. 

Given these operational definitions and using data pro- 
vided by Gottrup et al., the point at which an average 
patient would convert from “well perfused” (score of 1) 
to “poorly perfused” (score of 0) is calculated to be at 
approximately 50% of the normal subcutaneous perfusion, 
as measured by these techniques in dogs” and in human 
volunteers with normal hematocrit at room temperature.?° 

For analysis the scores on days 0, 1, and 2 were added, 
giving possible scores of 0 to 3 (Table 1 and Fig. 2). The 
perfusion score ignores the absolute value of P.O, and 
may falsely classify patients whose arterial hemoglobin is 
significantly unsaturated on breathing air. Only 5 of the 
33 patients, however, are likely to have been misclassified 
on this basis (patients 10, 13, 19, 20, and 29). 


In a second analysis, we averaged the maximum P,,O, 
values (P,,O2 max), developed while patients breathed ox- 
ygen during measurements on days 0, 1, and 2. This single, 
direct measurement represents the actual PO, levels 
reached in the ePTFE wounds and also sums up the pa- 
tients’ perfusion and cardiopulmonary function because 
P,.O2 is continuously proportional to PaO, only as the 
degree of perfusion allows, and PaO, can be raised by 
oxygen administration only to the degree that cardiopul- 
monary function allows. Its relationship to collagen de- 
position is shown in Table | and Figure 3. 

Correlations among the clinical parameters listed in 
Table 1, the collagen accumulations, the perfusion scores, 
and P,.O. maximums were sought by Pearson’s correla- 
tion test. These correlations were then ranked by sequen- 
tial linear regression analysis. 


Results 


Collagen accumulation on day 7 (mean, 4.14) was 20% 
higher than on day 5 (mean, 3.32) (p < 0.01, Wilcoxon). 

Two of the oximetric parameters, PeO- max (during 
supplemental oxygen breathing) and perfusion score, 
emerged as predictors of collagen accumulation at both 
5 and 7 days (Figs. 2 and 3). Postoperative hematocrit 
was correlated to neither collagen deposition (p = 0.20) 
(Fig. 4) nor P,,O at either day 5 or 7. Length of operation, 
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Fic. 3. The regression line reflects the relation between collagen accumulation on day 5 (ug/crn ePTFE tubing) and PO, max mm Hg. Data on day 


7 were similar. 


weight, sex, urine output, estimated blood loss, and vol- 
ume of transfused blood bore no correlation to perfusion 
score, maximum P,.O2, or collagen deposition. 

Sequential linear regression analysis of collagen accu- 
mulation using these predictors (in the Minitab computing 
package) led to several regression equations. Those per- 
tinent to P,.O2 max and perfusion score are: 


For max P&O- 
Collagen (day 5) = —0.17 + (0.05 + 0.01) X (max P0) 
(p < 0.01) 
Collagen (day 7) = —1.10 + (0.08 + 0.02) X (max P0O2) 
(p < 0.01) 
For perfusion score: 
Collagen (day 5) = 0.49 + (1.20 + 0.33) X (perfusion 
score) (p < 0.001) 
Collagen (day 7) = 1.23 + (1.27 + 0.54) X (perfusion 
score) (p < 0.03) 


The correlation coefficients between collagen and P,,O, 
max at days 5 and 7 were both 0.51. With regard to col- 
lagen and perfusion score, they were 0.57 at day 5 and 
0.40 at day 7. 


There are statistically insignificant trends toward cor- 
relations with smoking and age. No trend developed for 
any other clinical criterion. No patient had macrocytosis 
or microcytosis. One patient (patient 25) had severe sickle 
cell anemia. No patient developed an acid-base or elec- 
trolyte disorder. The core temperature range of these pa- 
tients was 37 to 39 C rectally and 36.5 to 38 C orally. 


Discussion 


The ePTFE model employed has been extensively tested 
in animals and man. It measures collagen deposition, 
which is the major determinant of tensile strength in pri- 
marily closed wounds.”!?°-?8 Insertion of the ePTFE tube 
through tissue creates a test wound, and the healing pro- 
cess subsequently fills its pores by migration of cells, 
growth of new vessels, and deposition of collagen. When 
the tube is removed, it samples the healing tissue by re- 
taining only that tissue that has penetrated its pores. It 
represents a modification of similar methods (wire mesh 
cylinders, cotton sponges, cellulose sponges, polyvinyl 
chloride sponges, etc.) employed in many experimental 
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Fic. 4. No correlation between collagen deposition on day 7 and hematocrit value was found. Data on day 5 were similar. 


studies, and was designed to be acceptable to human pa- 
tients. Collagen deposition in these models correlates with 
the breaking (tensile) strength of healing wounds.” The 
ePTFE model has been used successfully to detect im- 
paired collagen deposition in smokers and patients suf- 
fering from uremia and acute starvation, groups notable 
for their high rates of wound complications. >! Tensile 
strength of primarily closed wounds and collagen depo- 
sition in several models has been significantly elevated or 
depressed in physiologically normal animals by changing 
only the oxygen tension of the breathing mixture. >56 
The silastic tonometer method of measuring subcuta- 
neous tissue oxygen tension has been used extensively in 
patients and animals. 19202325:32:33 Insertion of this tube 
creates a small test wound that, unlike the ePTFE tube, 
offers no unperfused space for inflammatory cells to ac- 
cumulate. The P,,O, integrates many focal oxygen ten- 
sions, which range from below that of venous blood to 
almost as high as arterial PO, into a single mean value 
that is generally 10 to 20 mm Hg above that measured 
by identical technology in surgical (scalpel) wounds.** The 
upper arm site was chosen for accessibility. No differences 
in healing between upper arm and abdomen or chest are 


recognized, provided that vascular supply to the arm is 
intact, as it was in all our subjects. The P&O, particularly 
P,,O2 max, reflects the rate of perfusion of the wound 
tissue, as noted by Gottrup et al.” This relationship is 
made numerically more evident by the “perfusion score.” 

The current results from the combination of these 
techniques agree with those obtained in animals by other 
investigators and extend to surgical patients the evidence 
that collagen deposition in healing wounds is clearly re- 
lated to tissue PO, but is independent of the hemoglobin 
content of blood over a wide range. Initially this circum- 
stance seems contradictory to established views that em- 
phasize the importance of hemoglobin in oxygen trans- 
port, and deemphasize the importance of arterial oxygen 
tension. There would be no contradiction, even theoret- 
ically, however, if (1) oxygen consumption in the collagen- 
producing tissue were low, and (2) if the rate of collagen 
synthesis were to depend on the partial pressure of oxygen 


. within the healing area. Both conditions appear to exist. 


The first condition, that wounds must consume rela- 
tively little oxygen, has been proved previously. As noted 
above the normal extraction of oxygen in these wound 
models is approximately 0.7 volumes of oxygen per.100 
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mL perfusing blood, an extraction ratio of only 3% in 
normal volunteers.” Even during air breathing, very little 
hemoglobin must give up its oxygen to supply such a small 
amount, and even less is required when Pao, rises above 
100 mm Hg. 

The second condition, that the rate of collagen depo- 
sition is proportional to oxygen tension, is also consistent 
with established fact. Collagen synthesis is proportional 
to oxygen tension in cultured cells and tissues.?-635-38 
Several potential mechanisms for this effect are found in 
the details of collagen biosynthesis and post-translational 
modification. In these processes collagen 1s modified by 
four enzymes that bind molecular oxygen and insert an 
oxygen atom in appropriately positioned proline or lysine 
moieties. They are prolyl 4-hydroxylase, prolyl 3-hydrox- 
ylase, lysyl hydroxylase, and lysyl oxidase. 

The hydroxylation of proline by prolyl 4-hydroxylase 
appears particularly pertinent. Its activity usually corre- 
lates with the rate of collagen synthesis.*”*° This enzyme 
hydroxylates proline residues as the growing procollagen 
peptide chains enter the endoplasmic reticulum. Molec- 
ular oxygen, oxoglutarate, Fe”*, and ascorbate are re- 
quired. When oxygen tension 1s lowered sufficiently, syn- 
thesis of collagen pro-alpha chains continues unabated 
while hydroxylation lags. The underhydroxylated collagen 
pro-alpha chains that result from this circumstance fail 
to form a collagen triple helix that is stable at 37 C. There- 
fore they cannot be normally exported, and are eventually 
excreted as nonfunctional protein.” Fibroblasts have no 
means to compensate for a substrate deficiency in this 
reaction. For instance without ascorbate, which serves as 
the oxygen radical donor in this reaction, collagen hy- 
droxylation and subsequent collagen deposition are se- 
verely impaired. Because both ascorbate and oxygen are 
consumed, the effects of hypoxia and ascorbic acid defi- 
ciency on collagen synthesis are theoretically identical.*° 

The oxygen tension corresponding to the half-maximal 
rate (Km) of the prolyl 4-hydroxylase reaction has been 
estimated by three sets of investigators at approximately 
20, 25, and 100 mm Hg. Michaelis-Menten kinetics 
dictate that if all other substrates and cofactors are present 
in adequate quantities, the rate at which collagen is hy- 
droxylated will vary in response to changes in Po, in the 
range from 0 to approximately 10 times the concentration 
of oxygen that corresponds to the Km. The V max of this 
enzyme occurs therefore, at or above 200 mm Hg. Sub- 
strate concentration effects the rate of product most pro- 
foundly in the lower part of the concentration range. In 
this case about 90% of the effect of oxygen is exerted in 
the range of 0 to 90 mm Hg or more. Extracellular tissue 
oxygen tensions in healing wounds have been measured 
and normally lie in the range of 0 to 60 mm Hg.” Focal 
areas of near-zero oxygen tensions have been found in 
experimental wounds, and it is reasonable to infer that to 
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lower mean wound PO; is to increase the number of anoxic 
areas. In any case, it is difficult to escape the conclusion 
that local tissue oxygen tension influences collagen syn- 
thesis and deposition in wounds.in the normal range of 
physiologic circumstances seen in surgical patients. 

Only small amounts of underhydroxylated collagen can 
be exported from fibroblasts. Therefore the total collagen 
deposited in the hypoxic patients can be only slightly un- 
derestimated. Furthermore underhydroxylated collagen 
is unlikely to contribute to wound strength. 

Wound healing, collagen synthesis, deposition, and 
cross-linking of collagen are complex processes and many 
other steps in them may be influenced by oxygen tension 
and blood perfusion. For instance the lysyl hydroxylase 
and lysyl oxidase reactions mentioned above also are PO 
dependent in the 0- to approximately 250-mm Hg range, 
but the significance of hypoxia with regard to their func- 
tions is not known. Wound angiogenesis is increased by 
increasing PaO>,* and this could indirectly affect collagen 
deposition in this model system. Unfortunately no meth- 
ods for measuring angiogenesis in human subjects are 
available. 

These data apply to the long-debated question of 
whether anemia interferes with wound healing. In general 
the effects of anemia are mitigated by increased perfusion, 
which in turn is largely a result of increased cardiac output 
and local blood flow due to decreased blood viscosity and 
peripheral resistance. Because wounds consume little ox- 
ygen, PO, can be maintained by rapid perfusion with ane- 
mic arterial blood at high PO, despite its low oxygen con- 
tent. Clearly, however, if perfusion cannot be enhanced, 
wound healing in anemic patients will be exceptionally 
vulnerable. For instance wound healing must necessarily 
suffer if anemia leads to unmet cardiac oxygen needs. 

One of these patients (patient 25), who has sickle-cell 
anemia, maintained a normal P,,O, at a hematocrit of 15 
to 20 but not below 15 on the first postoperative day when 
her PO- rose with transfusion from a hematocrit of 14% 
to 18%. Her heart was normal, and despite her average 
hematocrit of roughly 20%, her collagen deposition was 
average. Thus the critical range in which anemia influ- 
ences repair in physiologically normal surgical patients 
appears to be approximately 15, as Zederfeldt predicted 
in 1957 from experiments in animals.'* This critical range 
is higher if cardiac output is limited. In general moderate 
anemia seems unlikely to affect repair in physiologically 
normal patients. 

Rapid perfusion can ensure only that wound-tissue PO 
approaches PaO>. Desaturating respiratory disease, there- 
fore, has its own effects on repair. Part of the wide vari- 
ability of tissue PO, in these patients was due to depressed 
PaO, resulting from depressed pulmonary function (see 
Table 1). There were relatively few patients with serious 
respiratory disease in this series, and they received vig- 
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- Orous respiratory therapy. One (patient 32) was morbidly 
obese. His PaO, and PO; were kept high by a respirator 
and endotracheal tube, and he deposited a relatively high 
amount of collagen. 

The analysis of variables suggests that changes in arterial 
“and tissue PO, accounted for approximately one third to 
-one half of the observed variability in collagen deposition. 

Our clinical impression is that another significant part of 
the variation in tissue PO, in these patients was due to 
vasoconstriction. To minimize vasoconstriction we at- 


tempted to optimize blood volume, but no attempt was : 


made to control pain, fear, and cold, the other main stim- 
ulants of peripheral vasoconstriction. 
_ The remaining variability may relate to measurement 
errors, the limited time of observation aes hours per day), 
or unmeasured variables. Goodson et al., and also Hay- 
dock and Hill,*! have recently used the ePTFE tube 
method in surgical patients to relate acute preoperative 
starvation to diminished collagen deposition. Two of these 
_ patients (patients 1 and 7) were unable to eat for several 
days before operation, and they deposited relatively little 
collagen. Albumin values did not correlate with collagen 
deposition; but the range (3.0-5.1 g/dL) was small. There 
were two wound infections (patients 1 and 17), and one 
of these wounds dehisced. Both patients had low perfusion 
‘score, and low P,O max. 

In summary the present data confirm in human wounds 
the effect of blood perfusion and oxygen tension on col- 
lagen deposition that has been seen previously in animal 
wounds. The most tissue-hypoxic patients (perfusion score 
0-1, P,.O2 max approximately 50) accumulated 2 to 3 ug 
collagen per centimeter of ePTFE tubing, whereas the best- 
oxygenated (perfusion score 3, PO, max approximately 
90) accumulated 7 to 8 ug, or three times more. This 
same difference is also seen in experimental animals.** 
The data reinforce the time-honored observation that 
cardiopulmonary function and local perfusion are vital 
to wound healing. Conversely, but placing the role of ar- 
terial oxygen content into perspective, they imply that 


pharmacologic manipulations of vasomotor activity are ` 


of major significance to repair. Lastly measurement of 
oxygen tension in wounds seems to have the potential to 
guide therapy that may reduce wound complications and 
morbidity rates. 
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Risk of Blood Contamination and Inj ury 
to Operating Room Personnel 
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KAREN WADSWORTH, R.N.,* BETTY HARDMAN, R.N., CNOR,* HANNAH GOODMAN, M.S.,” 
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The potential for transmission of deadly viral diseases to health 


care workers exists when contaminated blood is ‘inoculated — 


through injury or when blood comes in contact with nonintact 
skin. Operating room personnel are at particularly high risk for 
injury and blood contamination, but data on the specifics of which 
personnel are at greater risk and which practices change risk in 
this environment are almost nonexistent. To define these risk 
factors, experienced operating room nurses were employed solely 
to observe and record the injuries and blood contaminations that 
occurred during 234 operations involving 1763. personnel. Overall 
118 of the operations (50%) resulted in at least one person be- 
coming contaminated with blood. Cuts or needlestick injuries 
occurred in 15% of the operations. Several factors were found 
to significantly alter the risk of blood contamination or injury: 
surgical specialty, role of each person, duration of the procedure, 
amount of blood loss, number of needles used, and volume of 
irrigation fluid used. Risk calculations that use average values 
to include all personnel in the operating room or all operations 
performed substantially underestimate risk for surgeons and first 
assistants, who accounted for 81% of all body contamination and 
65% of the injuries. The area of the body contaminated also 
changed with the surgical specialty. These data should help define 
more appropriate protection for individuals in the operating room 
and should allow refinements of practices and techniques to de- 
crease injury. 


ANY HEALTH CARE workers now recognize 
that blood from infected patients can transmit 
viral disease through percutaneous inoculation 
or blood contact with nonintact skin. Although the risk 
of contracting hepatitis B or C is very high and has been 
recognized for many years, it is the fear of contracting an 
HIV infection that has caused far-reaching changes in 
procedures and devices designed to decrease this risk. 
Some reports'~* have attempted to calculate the magni- 
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tude of the risk of contracting HIV infection for those 
personnel who work in the operating room. The Centers 
for Disease Control (CDC) have recommended Universal 
Precautions to decrease this risk, and these have been ex- 
tended and given the force of law by the Occupational 
Safety and Health Administration (OSHA). Unfortunately 


- these groups do not have enough factual information from 


the operating room environment to adequately define the 
frequency and distribution of blood exposure, or the fre- 
quency and causes of needlestick and other injuries. Sur- 
geons and operating: room supervisors also need this 1n- 
formation. to be able to choose adequate protective gar- 
ments to avoid blood contamination and to devise 
procedures to avoid injury. The purpose of this study was 
to quantitatively identify the frequency of blood contam- 
ination and percutaneous injury, the causes of injury, and 
factors that may increase or decrease the risk for individ- 
uals during operative procedures. 


Materials and Methods 


This study was carried out at two hospitals that serve 
as tertiary referral centers and are two of the major teach- 
ing affiliates of The Medical College of Wisconsin. Most 
operations were performed with surgical residents and 
students participating. 

Three experienced operating room nurses were em- 
ployed solely to perform this study. They had no other 
patient care or administrative responsibilities. The nurses 
observed all personnel who participated in procedures and 
documented the distribution of blood exposure on the 
body and gowns. They looked for injuries that occurred 
(usually accompanied by exclamation of pain or discom- 
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fort by the victim) and documented the possible causes 
of these injuries. 

The study nurse arrived in the operating room 30 min- 
utes before the operation to log in the personnel and begin 
data collection on the operative procedure. During the 
operation they recorded adverse occurrences such as 
needlesticks, blood splashes, and glove tears. At the end 
of the procedure or when individuals changed gown or 
gloves, the participants were closely inspected. Any con- 
tamination on the outside of the gown was noted and 
recorded. The nurse then assisted each person in removing 
their gown and gloves and in the process, everted the gown 
and inspected the inside for signs of blood strikethrough. 
The scrub suit, foot and ankle wear, and all exposed areas 
of skin then were inspected for blood contamination. 

The nurse’s presence and the study itself were well ac- 
cepted by the surgeons and other operating room person- 
nel who were being observed because the topic was of 
interest and concern to all who work in our operating 
rooms. Questions about how an injury or blood contam- 
ination occurred were readily answered. 

The nurses chose the operations to be observed to in- 
clude a wide variety of operations and specialties. They 
chose procedures ranging from short, small-blood-loss 
procedures under local anesthesia to long, complex op- 
erations with high blood loss. Procedures such as endos- 
copy, central venous catheter insertion, and simple dress- 
ing changes were not included. The observation period 
ended when the patient had left the operating room and 
the instruments were removed. 


Definitions 


Role. All personnel were assigned a role based on their 
position at the operating table and on their function. In 
almost all cases a staff surgeon and a resident participated 
in the operation and the role “surgeon” was ascribed to 
the person performing the majority of the procedure. The 
other was designated “‘first assistant.” Other roles were 
more easily defined and were intuitively obvious to an 
experienced operating room nurse. “Other assistants” 
were usually junior level surgical residents or medical stu- 
dents who held retractors. “Scrub” was usually a tech- 
nician trained to assist and manage the sterile instruments. 
The “circulator” was a nurse who prepared the patient 
and organized other supplies during the operation, did 
not wear a gown, and almost always wore gloves. 

Body Contamination. This was defined as the presence 
of visible blood (not other fluids) on skin or apparel not 
removed at the end of the operation. Very small droplets 
may have been missed because only readily obvious blood 
was recorded. 

Gown Areas. These are generally obvious except the 
“upper chest,” which was the area above a line drawn at 
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the axillae, and the “knee,” which means the area of the 
gown from the knee to the bottom of the gown, which is 
variable in length depending on the height of the person. 
The “‘cuff’ was limited to the knitted area of the gown at 
the wrist. Additional areas of blood contamination were 
the cap, mask, eye glasses, and shoe covers, but these were 
not considered body contamination. 

Cut, Stick, Splash. A cut was defined as a linear lac- 
eration in the skin regardless of the instrument causing 
the cut. A stick was caused by a needle and may not have 
been visible. A major splash event was an unexpected 
splash or squirt of blood that was high volume and un- 
controlled, generally causing at least one person to become 
contaminated. 


Statistical Analysis 


The frequency of contamination events for each role, 
surgical service, and selected body parts were compared 
with the corresponding frequency of events that occurred 
in the remainder of the sample by constructing the ap- 
propriate 2 X 2 tables and evaluating the Pearson chi 
square statistics, relative risk, and 95% confidence interval. 
Where contamination events were evaluated per person 
or per operation, the number of events occurring were 
compared with the expected number of events that would 
have occurred based on the overall frequency of events 
in the total study sample. The p values for the differences 
between these expected and observed numbers of events 
were computed assuming that the observed events follow 
the Poisson distribution. The association between contin- 
uous factors reflecting surgical conditions (duration of 
operation, estimated blood loss, needles used, and volume 
of irrigation fluid) and the number of contamination 
events occurring per operation were evaluated using the 
Spearman rank correlation. 

A multivariate analysis was performed to determine 
which surgical conditions were associated with increased 
risk of contamination when the effect of the other surgical 
conditions were taken into account. A cumulative odds 
model ordinal logistics regression analysis was per- 
formed.” For this analysis the number of contaminations 
per operation were divided into five categories corre- 
sponding to 0, 1, 2, 3, and 4 or more contamination events 
per surgery. This categorization was used as the dependent 
variable in the ordinal logistic analysis using the procedure 
of SAS V6.06 (SAS Institute, Inc., 1989). The score test 
for the proportional odds assumption was evaluated to 
confirm the appropriateness of the ordinal logistic model. 

The ordinal logistic model, under the proportional odds 
assumption, provides an estimate, associated with a pre- 
dictor variable, of the relative risk (odds ratio) of having 
an additional contamination event or events (dependent 
variable) versus having a lower level of contamination 
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events per operation. For the continuous surgical factors 
with significant association with contamination, the risk 
associated with being at a higher level of contamination 
events was computed for an increase in the factor equal 
to one half of the difference in the value of the factor at 
the 20th and 80th percentiles of its distribution. 


Results 


The study observed 234 separate operations performed 
by eight specialty services and involved 1763 personnel 
(Table. 1). Overall, 118 of the 234 procedures (50%) re- 
sulted in at least one person becoming contaminated. The 
surgical specialty influenced the risk of an individual be- 
coming contaminated. The specialty with the least body 
contamination (38%) was general surgery and the greatest 
was gynecology (75%), excluding the specialties with only 
a single case each. The number of body areas contami- 
nated during an operation also differed by specialty; the 
greatest was more than two body areas per operation, en- 
countered in orthopedics operations. 

The areas of the body that were contaminated with 
blood are shown in Figure 1 and show some differences 
in areas contaminated based on surgical specialty. Pro- 
cedures in gynecology had a greater risk to an individual 
of finger contamination than the rest of the specialties 
(relative risk = 2.07, p < 0.001), whereas orthopedics had 
the least finger contamination (relative risk = 0.39, p 
< 0.003), despite more frequent overall body contami- 
nation. Despite the equally high percentage of finger con- 
taminations related to other body site contaminations in 
the cardiothoracic procedures, the risk to an individual 
was significantly greater for the gynecologic procedures 
when the injuries per person were evaluated. Operations 
done by both general surgery and gynecology services were 
at high risk for forearm contamination (relative risk = 2.02 
and 2.84, p < 0.03, respectively). General surgery was at 
much less risk for face and neck contamination (relative 
risk = 0.29, p < 0.002) whereas orthopedics had much 
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more of this risk (relative risk = 3.8, p < 0.001). Uncov- 
ered areas of the body (e.z., face and neck) were contam- 
inated more often than areas covered ty a gown (e.g., 
chest and abdomen). 

The frequency of body contamination also differed ac- 
cording to the role of those participating in the operation 
and demonstrates the much greater risk to the surgeon 
and first assistant (Table 2). These two roles accounted 
for 81% of all body contaminations and they were con- 
taminated in approximately one third of their operative 
procedures. The scrub technician, the circulator, and the 
anesthesiologist all had a very low frequency of contam- 
ination. 


The time required for ihe operation also influenced the 
frequency of body contamination (Table 3). Short oper- 
ations (<1 hour) were associated with approximately one 
contamination every five operations, but procedures 
longer than 5 hours were associated with approximately 
three contaminations per operation; a 15-fold increase. 

The frequency of body contamination increased as the 
amount of blood lost during the operation increased (Ta- 
ble 4). The greatest number of both personnel and body 
areas contaminated, however, occurred during operations 
with blood loss less than 500 mL because more of these 
were performed. An additional factor that correlated with 
body contamination was the amount of irrigation fluid 
used (Spearman correlation = 0.29, p < 0.0001). 

The injuries and major splash events incurred during 
operation are listed in Table 5. The surgeon and first as- 
sistant were the most frequently injured and splashed. 
The cause of the cuts in the two first assistants was passing 
a suture needle. A scrub nurse cut her finger opening a 
glass ampule, and an anesthesiologist cut his forearm on 
a sharp piece of equipment. One surgeon was cut while 
removing a dressing. Cnly one cut in one surgeon was 
due to a knife being used for dissection in the wound. 

The needlestick injuries were predominantly due to su- 
ture needles. Fifteen of the events occurred while suturing, 
five while loading or unloading a needle holder, and four 


TABLE 1. Risk of Body Contamination by Specialty 


Operations with 


Service No. of Operations Contamination 
Cardiothoracic 42 20 
General 71 te a 
Gynecology 28 21 
Neurosurgery l l 
Orthopedics 47 26 
Transplantation l 0 
Trauma 8 4 
Vascular 36 , 19 
Total 234 118 


* p < 0.05, compared with the residual group. 
+ p < 0.01, compared with the residual group. 


Body Areas Areas/Operation 

% Contaminated (mean) 
48 43 1.02 

38* 71 1.00* 
75t 42 1.50 

100 6 6.00 ł 

55 99 2.114 
0 0 0.00 
50 11 1.38 
53 l 49 1.36 
50 321 1.37 


t p < 0.001, compared with the residual group. 
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Fic. 1. Distribution of body sites contam- 
inated for each surgical specialty. The values 
were calculated as the number of contam- 
inations of an area divided by the total 
number of area contaminations for that 
specialty X 100. Only specialties with more 
than 40 areas contaminated were evaluated. 
Areas covered by the gown are designated 
by the line above the graph of the overall 
contamination; values in this area indicate 
strikethrough of the gown by blood. 
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TABLE 2. Number of Personnel and Body Areas Contaminated by Role 
Role No. Total No. Contaminated %o RR 95% Cl Areas Contaminated Areas/Person 

Surgeon 246 78 32 4.2 EE. 152 0.62 * 
First assistant 241 68 28 3.4 2.6, 4,4 107 0.44 * 
Other assistant 267 31 12 LI 0.74, 1.5 44 0.16 
Scrub 298 13 4 0.4 0.20, 0.61 13 0.04* 
Anesthsiologist 370 3 0.8 0.06 0.02, 0.18 4 0.01* 
Circulator 296 l 0.3 0.03 0.004, 0.18 i 0.003 * 
Other 45 0 0 NC NC 0 “OT 
Total 1763 194 I1 321 0.18 

* p < 0.001. RR, relative risk of contamination compared with the remainder of 

tp<0.0i. the group; CI, confidence interval of this risk; NC, not calculable. 


while passing the suture to another person. Two sticks 
were caused by a hollow needle, one was caused by a bone 
spicule, and one occurred while tying a wire suture. Two 
needlesticks were caused by trying to pick up needles that 
had fallen on the operative field. One was due to tying a 
suture with the needle still attached. 

One of the factors that appeared to be related to the 
number of injuries was the number of needles that were 
used during the procedure. This information 1s presented 
in Table 6 and shows an increase in needle sticks as the 
number of needles used increased. 

The relative importance and influence of these proce- 
dure related factors taken together and their association 
with the level of contamination events per operation was 
evaluated in multivariate ordinal logistic regression anal- 
ysis. Table 7 presents a summary of this analysis. The 
number of persons participating in the operation, the time 
required for the operation, the amount of blood loss, and 
the volume of irrigation fluid used were all positively as- 
sociated significant factors predicting the observed number 
of contamination events. The number of needles em- 
ployed during the operation was not an independent pre- 
dictor. 

Discussion 

To those who work in the operating room, blood con- 
tamination is a daily event that is often ignored or assumed 
to be unavoidable. Certainly without the existence of vi- 
ruses that can cause lethal infection and that are trans- 
mitted through blood, such contamination would only 


be a cosmetic problem for the health care worker. Because 
viruses (specifically hepatitis B, C, and HIV) can cause 


lethal disease when inoculated parenterally or when placed - 


in contact with nonintact skin, there is sufficient reason 
to decrease blood contact to the lowest possible level. 
Nonintact skin is a common occurrence in operating room 
personnel because of dermatitis from frequent scrubbing 
and from cuts and abrasions incurred during recreational 
activities away from the hospital. To improve safety we 
have described the frequency of injury and distribution 
of blood contamination along with the risk factors for 
individuals who practice in this area. 


Until recently literature describing risk in the operating 
room was relatively sparse’”!'; a large study of needlestick 
injuries specifically excluded the operating room envi- 
ronment.'? Data on these topics, however, is an important 
element in predicting risk to surgeons of acquiring HIV 
infection over a lifetime of practice. Recently Gerberding 
et al." discussed the risk of blood exposure at San Fran- 
cisco General Hospital after collecting data on 1307 con- 
secutive operations. They found an injury rate of 1.7% 
and a skin contamination rate of 7.3% of operations, 
compared with our finding of 15.4% and 50.4%, respec- 
tively. 

There are several possible reasons for this large dis- 
crepancy. The Gerberding study observed consecutive 
operations, whereas the present study chose operations to 
encompass a wide distribution of procedures to avoid a 
predominance of one particular specialty or type of op- 
eration. This may have led to a greater preponderance of 
longer, complex cases than is typical for many hospitals. 
Importantly the intensity of observation in our study pre- 
cluded consecutive case observation and probably led to 
our greater discovery rate of injury and contamination. 
The nurses who performed this study understood the im- 
portance of the data collected. They were trained in careful 
observation and recording of blood contamination and 
injury incidents and did not have to rely on memory. 
They had no other patient care responsibilities and could 
completely evaluate all personnel at the end of each ob- 
served procedure. It is possible therefore that the lower 


TABLE 3. Number of Body Contaminations per Operation Sorted by 
Duration of Operation 


Duration No. of Areas Contamination/ 
(hr) Operations Contaminated Operation 
<Í 25 5 0.20 
1-2 53 39 0.74 
2-3 63 92 1.46 
3-4 35 53 1.51 
4-5 27 53 1.96 
5-6 l4 52 3.71 
>6 17 40 2.35 


Spearman correlation of contaminations with time = 0.44, p < 0.0001. 
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TABLE 4. Blood Loss Related to Body Areas Contaminated 


Blood Loss No. of Areas Contaminations/ 
(ml) Operations Contaminated Operation 

<100 40 29 0.73 
100-499 132 119 0.90 
500-999 26 64 2.46 
1000-1999 15 29 1.93 
2000-2999 5 15 3.00 
>3000 8 51 6.38 


Spearman correlation of contaminations per operation with blood 
loss = 0.40, p < 0.0001. 


incidence of injury in Gerberding’s study was due to un- 
der-reporting, which is known to occur.'* 

The existence of policies to alter practice in the oper- 
ating room is not likely to be a source of the difference 
between the two studies because our hospital similarly 
implemented numerous changes 3 years ago to decrease 
injury, and these have been published elsewhere.'>'® The 
incidence of HIV infection is low at our hospital, however. 
Therefore knowing that the environment is actually dan- 
gerous may alter the care with which personnel implement 
policies and procedures, contrary to the conclusion of 
Gerberding et al. 

Differences in gown and glove use also may have caused 
a difference in exposure rates. Gerberding et al. described 
the use of “waterproof” gowns, which were not used in 
our study because of the discomfort caused by wearing 
this type of gown. Although they often used double gloves, 
only the orthopedic service routinely used double gloves 
at our institution. The much lower incidence of finger 
contamination in this group in our series strongly suggests 
that double gloving is an effective practice and should be 
adopted. 

Several other factors alter risk to health care workers 
in the operating room, and these have important impli- 
cations for predicting risk, changing practice, and altering 
behavior. 


TABLE 5. Count of Injuries and Major Splashing Events by Role and 
Expressed as a Percentage of All Operations 


Role Cut (%) Stick (%) Splash (%) 
Surgeon 2 (0.9) 13 (6)* 15 (6)F 
First assistant 2 (0.9) 6 (3) 15 (6)T 
Other assistant 0 4 (2) 11 (5) 
Scrub 1 (0.4) 7 (3) 2 (0.9)+ 
Anesthesiologist 1 (0.4) 0 7 (3) 
Circulator 0 0 3 (1)* 
Other 0 0 1 (0.4) 
Total 6 (3) 30 (13) 54 (23) 


* p < 0.001, compared with the residual group. 

tp < 0.01, compared with the residual group. 

ł p < 0.05, compared with the residual group. 

Surgeon and first assistant had a greater incidence of injury, whereas 
scrub and circulator had a lesser incidence of splashing than the remainder 
of the group. 
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TABLE 6. Number of Needles Used During a Procedure and Number of 
Injuries From Needle Sticks 


No. of No. of No. of 
Needles Used Operations Sticks Sticks/Operation 
<20 112 4 0.04 
20-39 56 4 0.07 
40-59 26 4 0.15 
60-79 11 7 0.64 
>80 23 ie 0.48 


Spearman correlation of contaminations per operation with number 
of needlesticks = 0.3, p < 0.0001. 


Influence of Specialty 


There are numerous possible factors that may alter an 
individual’s likelihood of blood contamination during an 
operation. Among these are the operation being per- 
formed, the practices of the team during the operation, 
the role for the individual, the amount of blood loss, and 
the protective apparel worn by the individual. Any par- 
ticular operation occurs too infrequently for useful anal- 
ysis in this type of study. In addition the specific work 
practices that increase or decrease risk are too numerous 
to identify, control, and analyze adequately. Therefore 
these aspects were assumed to be dependent on the surgical 
specialty. The influence of surgical specialty on blood 
contamination of the surgical team is important and is 
shown in Table |. 

The specialty also influenced the pattern of contami- 
nation (Fig. 1) and suggests that certain practices or ap- 
parel may be able to improve protection. All specialties 
are prone to high rates of contamination on the fingers, 
but this was much less so in orthopedic surgery. The pre- 
sumed reason for this was the very common use of double 
gloving by orthopedic surgeons and the lack of this practice 
in the other specialties. Orthopedic surgeons had increased 
face and neck contamination due to the splattering of 
blood from power tools and use of irrigation fluids. This 
could be altered by additional face protection or other 
devices to protect from splattering or splashing. This group 
also had high rates of contamination of legs and feet due 
to the blood running down the side of the operating table 


TABLE 7. Effect of Change in Surgical Conditions on Risk of Increased 
Contamination Levels From Multivariate Ordinal Logistic Regression 


Unit of Relative Risk 
Factor Increase With Increase p 
No. of personnel 1 person 1.86 0.0001 
Duration of 
operation 1.5 hr 1.44 0.004 
Blood loss 250 mL 1.16 0.0006 
Irrigation fluid 700 mL Ll 0.004 


With each increase of the factor, there is an increase proportionate to 
the relative risk in the incidence of an additional contamination. For 
example for each additional 1.5 hr duration of operation, the risk of 
additional contamination increases by 44%. 
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and could be prevented by wearing higher leggings or 
longer, more liquid-resistant gowns. This was not a prob- 
‘lem for the cardiothoracic service because the blood loss 
appeared to be contained in the thoracic cavity. General 
and gynecologic surgeons often place their hands and arms 
deeply into the abdomen and cause the high penetration 
of blood in the forearm area. This may be altered by using 
impervious materials in this area of the gown. 


Influence of Roles. 


Another factor that greatly influenced blood contam- 
ination was the role of the individual, as demonstrated in 
Table 2. The surgeon (whether the staff or the resident) 
was at the greatest risk for contamination, followed closely 
by the first assistant. The further away from the wound a 
person was, the less risk for contamination there was. 


Influence of Blood Loss and Irrigation Fluid 


The amount of blood loss during the procedure also 
influenced contamination, as shown in Table 4. Although 
this fact should not be surprising, the finding that the 
majority of the body contaminations occurred during low 
(<500 mL) blood loss operations indicates that any pro- 
cedure represents a potential risk. Therefore necessary 
protective apparel or procedures should be used routinely 
and not reserved for the biggest cases. 

Contamination also increased as the amount of irri- 
gation fluid increased. This was a factor independent of 
blood loss or duration of procedure and may relate to 
additional splashing or to wetting of the gowns with sub- 
sequent strikethrough. 


Frequency of Injuries 


Although transmission of viral diseases has occurred 
through abraded skin, the most dangerous mode of trans- 
mission is through percutaneous inoculation by cuts or 
needle sticks. These occurred most often in the surgeon 
and first assistant (Table 5). The scrub nurse also received 
several needle sticks due to the task of loading and un- 
loading needles from the needle holder and passing the 
instrument to the surgeon. 


Conclusions and Recommendations 


The frequency of blood contamination in the operating 
room is high, and the distribution of the contamination 
covers all areas of the body. Therefore adequate protective 
clothing should be worn to include head covers, goggles, 
and high shoe covers. 

The risk of blood contamination varies with the spe- 
cialty, and each group should develop policies, procedures, 
and appropriate apparel to prevent the contamination 
particular to their procedures. 

The surgeon and first assistant are at high risk for blood 
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contamination and should wear the most protective (and 
often the most expensive and least comfortable) gowns, 
whereas other assistants and nurses can wear lighter 
gowns. 

The likelihood of body contamination increased as the 
operative blood loss increased and time of operation in- 
creased. When these conditions are predicted, additional 
precautions should be taken, such as using gowns made 
with less permeable material, changing gowns more fre- 
quently, using sleeve covers or plastic aprons, and fre- 
quently inspecting yourself and others for signs of heavy 
blood contamination. Double gloving also should be used 
routinely for these operations. 

Each institution should have a set protocol for handling 
sharps and avoiding blood contamination, which is ap- 
plicable to the operating room environment and which is 
generally built around the “Universal Precautions” rec- 
ommended by the CDC. 
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The mediators responsible for maintenance of the hyperdynamic 
state and the low systemic vascular resistance (SVR) observed 
in sepsis have not been elucidated. Nitric oxide (-N = O} is a 
mediator with numerous functions, including regulation of vas- 
cular tone and a role in macrophage-mediated cytostasis and 
microbiostasis. Thirty-nine critically ill trauma and septic pa- 
tients were studied to determine the relationship between -N 
= O production and the hyperdynamic state. High plasma levels 
of NO. /NO, (the stable end products of -N = O) were ob- 
served in septic patients (p < 0.02). Low SVR and high endotoxin 
levels were associated with high NO7 /NO3° values (p = 0.029, 
p = 0.002). Changes in -N = O levels may mediate the vaso- 
dilation seen in sepsis. Low NO, /NO3° levels were observed 
in trauma patients (p < 0.001) and remained low even in the 
presence of sepsis (p = 0.001). 


have been measured in human body fluids for 

over 70 years,’ it has been only during the past 
10 years that endogenous sources of NO.~/NO;7 have 
been appreciated.” It is now known that an important 
source of NO,-/NO;° is through the conversion of L- 
arginine to L-citrulline and nitric oxide (- N = O). Animal 
studies have shown that endothelial cells,** macro- 
phages,>~’ cerebellar neurons,’ neutrophils,!°!! Kupffer 
cells,!? and hepatocytes!*4 produce -N = O when stim- 
ulated. Endotoxin and cytokines such as interferon (IFN) 
and tumor necrosis factor (TNF) have been shown to 
stimulate -N = O production by endothelial cells,!*!° 
macrophages,'”'® Kupffer cells,“ and hepatocytes.!? 
Studies in both animals”°?! and humans” using the in- 
hibitor of - N = O synthesis, N° monomethyl-L-arginine 
(NMA), suggest that -N = O functions as a vasodilator 


A LTHOUGH NITRATES AND nitrites (NO27~/NQ37) 


Supported in part by NIH grants #GM-37753 (RLS) and #GM- 
44100 (TRB). 

Address reprint requests to Andrew B. Peitzman, M.D., Department 
of Surgery, 497 Scaife Hall, University of Pittsburgh, Pittsburgh, PA 
15261. 

Accepted for publication January 16, 1991. 


621 


From the Department of Surgery,“ University of Pittsburgh, 
Pittsburgh, Pennsylvania, and the Department of Surgery,T 
University of Minnesota, Minneapolis, Minnesota 


in vivo. Evidence now exists that - N = O also may par- 
ticipate in signal transduction in the cerebellum”” as well 
as messenger functions in neutrophils.” Larger quantities 
of -N = O appear to inhibit cellular respiration” and 
proliferation, and may be important in macrophage-me- 
diated tumor cell cytostasis and microbiostasis.”° 

Because endotoxin and inflammatory cytokines can act 
as signals for increased - N = O production, it is possible 
that disease processes associated with increased endotoxin 
or cytokine levels may be associated with increased -N 
= O production, and therefore elevated levels of NO27/ 
NO, , the stable end products of -N = O biosynthesis. 
Whether increased -N = O production mediates abnor- 
mal hemodynamic and metabolic responses during disease 
processes has not been reported. Increased -N = O pro- 
duction, by inducing vasodilation, could explain some of 
the characteristic hemodynamic changes seen in sepsis, 
such as a decrease in systemic vascular resistance. Con- 
versely patients with vasoconstriction (e.g., hypotensive 
trauma patients) should theoretically produce less -N 
= O. To determine if nitrogen oxide production was al- 
tered in patients with sepsis or after hemorrhagic shock, 
circulating levels of the stable metabolites of nitrogen ox- 
ide, NO.~/NO; 7, were measured in patients admitted to 
intensive care units with sepsis or after trauma. Changes 
in NO7 /NO; levels were correlated with hemodynamic 
alterations as well as with circulating factors known to 
enhance -N = O production. 


Methods 


Patient Population 


Critically ill patients admitted to the surgical or trauma 
intensive care units at Presbyterian University Hospital 
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of Pittsburgh were followed during their stay in the in- 
tensive care units. A total of 39 patients was divided into 
three groups based on their diagnoses and clinical course. 
Group I consisted of 17 general surgery patients (12 men, 
5 women), with an average age 60 + 3 years, who were 
clinically septic or had severe inflammatory processes at 
the time of admission (Table 1). Group II was composed 
of 14 trauma patients (10 men, 4 women) who had an 
uneventful recovery after injury. The average age of this 
group was 45 + 5 years. Eight trauma patients (6 men, 2 
women) who became clinically septic during their inten- 
sive care unit stay constituted group III. Average age was 
47 + 9 years. Age differences were significant between 
groups I and I (p ~ 0.049), but not between groups I 
and III or groups II and III. Average injury severity scores 
(ISS) were 27 + 3 and 28 + 6 for groups II and HI, re- 
spectively. Blood samples were collected from 14 normal 
volunteers as controls for plasma NO. /NO3°7 levels. 


Collection of Clinical Data 


Daily assessment of the patients was performed, and 
the relevant patient data were recorded. Evaluation of 
severity of disease was done by an initial measurement 
of the APACHE II score, and then followed by daily acute 
physiology score evaluations. Trauma scores and injury 
severity scores were recorded for the trauma patients. The 
presence of sepsis was defined using a previously validated 


score (Table 2).*’ Invasive hemodynamic monitoring was- 


used according to the clinical indications in the patients, 
and when present, Swan-Ganz catheter readings were col- 
lected. 


Collection of Blood Samples 


Blood samples were obtained through indwelling cath- 
eters and aliquoted into vacutainer tubes, some supple- 


TABLE 1, Clinical Diagnoses in Patients With Septic 
or Inflammatory Processes (Group I) 


Patient 

Age (yr) Diagnosis Outcome 
69 Pancreatic abscess Died 
4] Gangrenous cholecystitis Lived 
76 Perforated duodenal ulcer Lived 
67 Sepsis of unknown etiology Died 
39 Perforated cecal volvulus Died 
62 Perforated sigmoid diverticulitis Lived 
50 Gangrene, abdominal wall Lived 
67 Acute pancreatitis Lived 
67 Perforated small bowel obstruction Died 
58 Small bowel obstruction Died 
88 Perforated sigmoid diverticulitis Lived 
36 Perforated sigmoid ulcer Lived 
T2 Perforated colon cancer Died 
45 Candida sepsis . Died 
52 Herpes meningoencephalitis Lived 
71 Abdominal wall cellulitis Lived 
72 Gastric cancer Lived 
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TABLE 2. Clinicel Criteria for the Diagnosis of Sepsis (27) 
Major Minor 


Systolic blood pressure Altered sensorium 


< 90 mm Hg Tachypnea, respiratory rate > 24/min, OR 
Presence of an obvious Hypocapnia, Paco, < 35 mm Hg 
primary site Tachycardia, heart rate > 109/min 


Temperature > 38.9 C or < 35.6 C 

White blood cell count > 15,000/mm? or 
< 3500/mm? 

Platelets < 100,000/mm? 


Positive blood culture 


Diagnosis of sepsis is defined as the presence cf five of the above 
criteria, including at least one of the major criteria. 


mented with heparin (Vacutainer tubes, Beckton Dick- 
inson, Rutherford, NJ). Plasma or serum was obtained 
by centrifugation at 3000 rpm for 10 minutes at 4 C and 
stored at —70 C until used for the different assays. 


NO, /NO; Assay 


Plasma samples (200 uL) were diluted 1:5 with deion- 
ized water and deproteinized with 50 uL 30% ZnSOx,. 
NO: /NO, concentration was measured using an au- 
tomated procedure based on the Griess reaction.” Briefly, 
the samples were passed through a column containing 
copper-coated cadmium, which reduced all NO; to 
NO,~. The NO. then was detected when it reacted with 
Griess reagent (1% sulfanilamide, 0.1% naphthylenedi- 
amine dihydrochloride, 2.5% H3PO4). Absorbance was 
measured at 546 nm using a spectrophotometer. Although 
very little or no NO,” is found in serum,”’ we did not 
attempt to differentiate between NO, and NO,” 
amounts, and therefore report our results as NO. /NO;°. 


Endotoxin Assay 


Endotoxin was measured using a chromogenic modi- 
fication of the limulus amebocyte lysate assay (Whittaker 
M.A. Bioproducts, Walkersville, MD). Briefly, heparin- 
ized plasma samples were diluted 1:10 and then heat in- 
activated at 75 C for 10 minutes. Fifty microliters limulus 
amebocyte lysate was added to 50 uL sample for 10 min- 
utes at 37 C. Chromogenic substrate then was added for 
6 minutes. Reaction then was stopped with 25% acetic 
acid, and spectrophotometric absorbance was measured 
at 405 nm. 


Amino Acid Analysis 


Amino acid determinations were performed on sodium 
heparin-preserved plasma after deproteinization with 15% 
sulpho-salicylic acid, and measurements were done using 
a Beckman model 6300 dedicated amino acid analyzer 
(Beckman Instruments, Inc., Palo Alto, CA). 
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Interferon Gamma Assay 


Interferon gamma levels were measured in serum using 
an enzyme-linked immunosorbent assay (Amgen Biolog- 
icals, CA). 


Statistics 


Data analysis included parametric and nonparametric 
t test (Mann-Whitney) analysis, and nonparametric anal- 
ysis of variance (Kruskal-Wallis). Data was considered 
statistically significant at p < 0.05 level. Data are expressed 
as mean + standard error of the mean. 


Results 


Plasma NO,~/NO;°_ levels in the control group averaged 
28.9 umol/L + 3.6 (n = 14) and ranged from 16 to 62 
pmol/L. These values are similar to other reports.” The 
average for the samples obtained from group I (septic pa- 
tients, n = 72 samples) was 63.1 + 6.5 pmol/L, which 
was significantly higher than normal (p < 0.02). Samples 
obtained while the patients were clinically septic were even 
higher (72.6 + 9.9 pmol/L) (p < 0.03) (Fig. 1). In contrast 
the average plasma NO,” /NO; levels for the samples ob- 
tained from group JI (trauma patients, n = 23 samples) 
averaged 12.8 + 1.5 mol/L, significantly lower than the 
control group (p < 0.001) (Fig. 2). Average values for 
trauma patients who developed sepsis (group III, n = 40 
samples) were also lower than normal (15.6 + 1.9, p 
= 0.001) and did not increase when the patients were sep- 
tic, as based on clinical criteria as listed in Table 2 (15.5 
+ 3.6 umol/L, n = 14) (Fig. 3). 

During their intensive care unit (ICU) stay, the patients’ 
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FIG. 1. Plasma NO.~/NO;~ values in septic patients in the intensive 
care unit. Patients with sepsis or severe inflammatory processes had sig- 
nificant increases in NO2~NO,~ plasma values. During septic episodes 
(@), NONO,” value was higher {p = 0.003) than during nonseptic 
episodes (O). The shaded area represents NO; NO,” plasma values + 1 
SD in the control population. 
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Fic. 2. Plasma NO,~NO,7~ values in patients with nonseptic trauma. 
Patients with trauma showed decreased plasma NO,” NO,” levels. The 
shaded area represents average plasma NO,~NO,~ values + 1 SD in the 
control population. 


average daily Acute Physiology Scores (APS) were 16 + 1, 
10 + 1, and 10 + 1 for groups I, II, and III, respectively, 
and were found to be significantly higher in group I than 
in groups IJ and III (p < 0.0001). Average NO.~/NO;— 
levels were 27.7 + 2.6 wmol/L in patients with APS < 12. 
Average NO, /NO;7 levels increased to 55.5 + 7.6 pmol/ 
L, with an APS of 13 to 18 (p = 0.003) and 67.01 + 19.3, 
with an APS > 18 (p = 0.008). APACHE II scores at time 
of admission to the ICU were 19 + 2 for group I, 12 +2 
for group II, and 16 + 2 for group III, and were not sig- 
nificantly different between any of the groups. 

To determine if increased circulating nitrogen oxide 
levels were associated with measurable changes in vascular 
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AG. 3. Plasma nitrate values in patients who had trauma and sepsis. 
These patients had lower than normal plasma NO,” NO,” values. During 
septic episodes (@), plasma NO TNO, values were not increased com- 
pared with nonseptic episodes (©). The shaded are represents average 
plasma NO, "NO; values + | SD in the control population. 
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. tone, NO, /NO;~ levels were correlated with systemic 
vascular resistance index in those patients with invasive 
hemodynamic monitoring. Circulating NO.~/NO;" levels 
greater than 42 „mol/L (1 standard deviation above 
average for normal levels) were associated with a signifi- 
cantly lower systemic vascular resistance (1106 + 119 
dynes + sec- cm™°/m*) when compared with systemic vas- 
cular resistance index in patients with NO,~/NO;° levels 
less than 42 wmol/L (1353 + 93 dynes: sec» cm™>/m7’) at 


that time (p = 0.029). Differences in cardiac index were- 


not significant. 

Endotoxin is a potent stimulus for « N = O production 
by several cell types. Circulating endotoxin levels were 
measured in patient samples (n = 77 samples) and normal 
controls (n = 7 samples). Normal endotoxin levels were 
found to be 0.047 + 0.006 ng/mL. Significantly increased 
endotoxin levels were found when NO, /NO;° levels were 
high (greater than 42 pmol/L) compared with when NO,7/ 
NO, levels were normal or low (less than 42 pmol/L), 
(0.144 ng/ml + 0.06 vs. 0.044 ng/mL + 0.02) (p = 0.002). 
Interferon gamma is known to potentiate -N = O syn- 
thesis in vitro; therefore circulating levels of this cytokine 
were also measured. Low circulating interferon gamma 
levels were found in 3 of {1 samples analyzed in the con- 
trol population, and in 13 of 48 patient samples analyzed. 
No correlation was found between elevated NO.~/NO;7 
levels and circulating levels of interferon gamma. 

Nitrogen oxide is cleared primarily by the kidneys.*° 
Therefore NO2.~/NO;° levels were correlated with renal 
function to determine if the elevated nitrogen oxide levels 
would be explained solely on decreased renal clearance. 
A higher average NO, /NO; level was found in patients 
with creatinine levels higher than 2 mg/dL. However when 
the samples collected from patients of group I (sepsis) 
were divided into samples with creatinine above or below 
2 mg/dL, no difference in NO.7/NO;° levels was detected. 
This shows that nitrogen oxide levels can be elevated in 
the absence of impaired renal function (Table 3). 

L-arginine is the substrate for -N = O synthesis, and 
citrulline is the stable end product in cell culture systems. 
L-arginine plasma levels were lower than normal only in 
group II, the group with the lowest plasma NO,~/NO,~ 
levels (p < 0.02). L-citrulline levels were lower than nor- 
mal in all groups (p < 0.01). Levels of L-citrulline were 
not significantly different between groups I, H, and III. 


TABLE 3. Creatinine Values and Nitrate Levels 


Creatinine (mg/dL) 
<2 > 2 p 
All patients 29.9 + 3.1 66.0 + 10.3 < 0.001 
59.2 + 7.4 66.6 + 10.6 NS 


Group I (sepsis) 
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No correlation was found between NO, /NO,° levels and 
arginine or citrulline levels (Table 4). 


Discussion 


The presence of nitrogen oxides in human pathology 
has been of interest to investigators studying infantile 
methemoglobinemia”’ and the formation of carcinogenic 
compounds such as nitrcsamines.*' It had been assumed 
that exogenous sources accounted for NO, /NO;" de- 
tected in different body fluids. Even though Mitchell in 
1916 had noted excess NO; /NO3° excretion in humans 
receiving low NO, /NO; diets, it was not until 1981 that 
Green et al.* provided convincing evidence that endoge- 
nous sources of nitrogen oxide biosynthesis existed in hu- 
mans. The only known endogenous source of NO. and 
NO; production in mammalian tissues is through the 
conversion of L-arginine to -N = O. -N = O degrades 
to NO. and NO; , then NO, 1s further converted to 
NO; when it reacts with hemoglobin.” 

In this study we examined circulating NO, /NO; lev- 
els as a measure of ongoing - N = O production. Increased 
levels were seen in general surgery patients with clinical 
sepsis, and this correlated with the severity of disease. High 
NO, /NO;,` levels were inversely related to low systemic 
vascular resistance. This last observation suggests that -N 
= O may in fact be an important mediator of increased 
vasodilation observed in sepsis. Vallance et al.” showed 
that infusion of the inhibitor of -N = O synthesis, NS 
monomethyl-L-arginine, into the brachial arteries of hu- 
mans, induced a decrease in blood flow to that limb, 
showing that -N = O acts as a vasodilator in humans.”” 
A recent report has shown that blocking -N = O pro- 
duction reverses TNF-mediated hypotension in dogs, 
providing evidence that endogenous - N = O can mediate 
hypotension in disease states.*? No correlation between 
the degree of hypotension or hypertension and measurable 
changes in N = O or its end metabolic products (i.e., 
NO, /NO;3°) have been reported previously, however. 

Lower plasma NO, /NO, levels were observed in 
trauma patients, including trauma patients who became 
clinically septic. The degree of injury is confirmed in these 
patients by the high ISS values. These patients experienced 
blood loss and resultant hypovolemia, a condition asso- 
ciated with vasoconstriction. This raises the possibility 
that -N = O production can be inhibited under certain 
conditions where vasodilation would be detrimental, and 
that such inhibition can last for prolonged periods. Lab- 
oratory studies are underway to further investigate -N 
= QO production after hypovolemic shock. 

NO- /NO; is principally excreted through the kidneys. 
The fact that there is a positive correlation between im- 
paired renal function and NO, /NO;° levels raises the 
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TABLE 4. Plasma Arginine and Citrulline Levels 


Group III 
Group I Group II (trauma and Normal 
(sepsis) (trauma) sepsis) Group 


Citrulline umol/L 28.744.9* 11.7 +3.1* 10.7 + 1.5* 48.94 2.1 
Arginine pmol/L 84.7 +9.6 57.82+6.5+ 9394123 80.7 + 4.6 


* p < 0.001 compared with normal values. 
+ p < 0.02 compared with groups I or HI, or normal control subjects. 


question as to whether NO, /NO;7 levels are elevated 
because of lack of excretion and not because of excess 
production. The finding that samples taken in the septic 
group with normal renal function are elevated, however, 
strongly suggests that elevated NO, /NO;3_ levels in this 
patient group can be caused by increased NO.7/NO;7 
production, and not only by decreased excretion. 
Which cells are the main sources of - N = O in humans 
is unknown. Endotoxin injection into mice has been 
shown to induce macrophage NO7 /NO;_ synthesis”? and 
Kupffer cell! NO.” /NO; synthesis in rats. Jn vitro studies 
have shown that endotoxin and cytokines can also stim- 
ulate endothelial cell!>'® and hepatocyte’? -N = O bio- 
synthesis. Our data would suggest that endotoxin may be 
an important stimulus to increased -N = O synthesis in 
humans. The importance of other mediators both locally 
and systemically and the exact cells involved in human 
-N = O synthesis remain to be determined. No clear 
- correlation between circulating substrate, L-arginine, and 
elevated NO.” /NO, production could be demonstrated. 
Although levels of L-arginine were lower in group II, it is 
not known if the lower arginine levels contribute to lower 
NO, /NO, in trauma patients. In vitro, +N = O pro- 
duction is dependent on L-arginine concentrations; it is 
not known, however, if a similar strict dependence exists 
in vivo. L-citrulline levels have been shown to correlate 
with nitrogen oxide biosynthesis in cell culture for all cell 


types except hepatocytes.'? It is likely that the failure of. 


L-citrulline to correlate with NO, /NO, elevation is re- 
lated to the rapid plasma clearance of this product. 

In this study elevated levels of nitrogen oxide were doc- 
umented in clinically septic patients. Trauma patients, 
even when they developed clinical sepsis, maintained ni- 
trogen oxide levels that were lower than levels found in 
normal controls. An inverse correlation was found be- 
tween systemic vascular resistance and nitrogen oxide 
levels. These data suggest that nitrogen oxide may be an 
important mediator in the control of vascular tone. 
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Prognostic Factors in Patients With Melanoma 
Metastatic to Axillary or Inguinal Lymph Nodes 


A Multivariate Analysis 





DANIEL G. COIT, M.D., ANDRE ROGATKO, PH.D., and MURRAY F. BRENNAN, M.D. 


Although pathologic nodal status is 2 major determinant of out- 
come in melanoma, there is substantial prognostic heterogeneity 
among node-positive patients. This study was undertaken to fur- 
ther clarify significant variables predicting survival in patients 
with melanoma metastatic to axillary or groin nodes. From 1019 
patients with melanoma undergoing axillary or groin dissection 
between 1974 and 1984, the authors identified 449 patients with 
histologically positive nodes. Both univariate and multivariate 
analyses were performed using the Kaplan-Meier product limit 
method and the Cox model of proportional hazard regression. 
The major determinant of survival. was pathologic stage (PS) 
according to the 1983 AJCC staging system. Three hundred fifty 


patients (78%) were classified PS-III (one nodal group involved), . 


with a survival of 39% at 5 years and 32% at 10 years. Factors 
independently predictive of a favorable outcome in these patients 
were nontruncal primary site (p = 0.0002), microscopic nodal 
involvement (p = 0.001), number of positive nodes less than 
three (p = 0.003), and absence of extranodal disease (p = 0.01). 
Ninety-nine patients (22%) were classified PS-IV, 51 with two 
nodal stations involved (N2), 25 with intransit disease and one 
nodal station involved (N2), 7 with extraregional soft tissue me- 
tastases (M1), and 16 with visceral metastases (M2). Survival 
for PS-IV patients was 9% at 5 and 10 years, respectively. Within 
PS-IV, factors independently predictive of a more favorable out- 
come were the absence of extranodal disease (p = 0.0001), female 
sex (p = 0.03), and a long interval from diagnosis to lymph node 
dissection (p = 0.04). These factors were incorporated into a 
model predicting relative risk of death from disease for both PS- 
III and PS-IV patients, separating patients into groups at high, 
intermediate, and low risk of recurrence after lymphadenectomy. 


LTHOUGH THE PATHOLOGIC nodal status is a 
A primary determinant of outcome in patients with 
malignant melanoma, the risk of recurrence and 
death in these patients is quite variable and has been re- 
ported to range between 20% and 93%.'* A number of 


reports have appeared over the last 10 years looking at 
prognostic factors in these patients. Patient-related factors 
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that have been identified by multivariate analysis as in- 
dependently significant predictors of recurrence and death 
include patient age and sex? and clinical stage.*° Primary 
tumor-related variables identified as independently pre- 
dictive of outcome include site,*°® Breslow thick- 
ness, +78 Clark level,* ulceration,’ growth pattern, !° and 
lymphocyte infiltration.! Lymph node-related variables 
identified include the number of positive lymph 
nodes,*>'® the percent of positive lymph nodes,'** and 
the presence of extranodal soft tissue extension of 
tumor. _ 

The current study was undertaken to reevaluate pub- 
lished prognostic factors and to attempt to develop a 
prognostic index incorporating those factors found to be 
significant by multivariate analysis. This index is intended 
to stratify patients into groups at high, intermediate, and 
low risk of recurrence, both to improve patient care and 
to identify more homogeneous groups of patients for in- 
clusion into investigational adjuvant therapy trials. Fur- 
thermore identification of dominant prognostic variables 
by multivariate analysis may help to refine a uniform 
staging system for patients with melanoma metastatic to 
regional nodes such that cooperative trials pooling infor- 
mation from multiple centers can be meaningfully ana- 
lyzed. 


Methods 
Variables | 


The analysis included patient-related variables of age, 
sex, clinical, and pathologic stage according to the 1983 
American Joint Commission on Cancer (AJCC) staging 
system,!' and interval from the diagnosis of melanoma 
to documentation of the positive nodes. 
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Primary tumor-related variables ‘included site (upper 
extremity, lower extremity, trunk, unknown), Clark level, 
Breslow thickness, AJCC T stage, and ulceration (present 
or absent). A broad definition of primary ulceration was 
employed; this was deemed present if there was a history 
of the primary lesion bleeding after minor trauma. _ 

Lymph-node-related variables recorded included the 
number of positive nodes, the presence of extranodal soft 
tissue disease 1n the lymphadenectomy specimen, the sta- 
tus of the highest lymph node dissected (positive or neg- 
ative), the size of the largest positive node removed (in 
centimeters), and the site of the positive nodes (axilla or 
groin). The extent of nodal involvement also was recorded; 
if neither the operating surgeon nor the pathologist de- 
scribed evidence of grossly visible metastatic disease, but 
tumor was subsequently found on histologic examination, 
the node was classified as microscopically positive. If either 
surgeon or pathologist described a grossly positive node 
that subsequently was confirmed histologically, the node 
was Classified as macroscopically positive. 

All patients were staged both clinically and pathologi- 
cally according to the 1983 AJCC system (Table 1). This 
system classifies patients with clinically negative nodes as 
stage I (<1.5 mm thick, Clark I-III) and stage II (>1.5 
mm thick, Clark IV-V). Patients with positive nodes in 
one nodal basin only, without intransit disease, are clas- 
sified stage III. Patients with metastatic disease in more 
than one nodal basin, one nodal basin with evidence of 
intransit disease, or with any evidence or systemic disease 
are classified as stage IV. 


TABLE |. American Joint Commission on Cancer 
Staging System for Melanoma 


Primary tumor 
TX Unknown, cannot assess 
TO Atypical melanocytic hyperplasia, in situ, Clark I 
TI Clark H, < 0.75 mm 
T2 Clark II, 0.76-1.50 mm 
T3 Clark IV, 1.51-4.0 mm 
T4 Clark V, > 4.0 mm or satellites within 2 cm of primary tumor 
Lymph nodes 
NX Unknown, cannot assess 
NO Negative 
NI One regional node station, nodes mobile, < 5 cm diameter, or 
negative nodes and < 5 in-transit metastases 
N2 More than one node Station positive, nodes > 5 cm or fixed, 
> 5 in-transit metastases, or any in-transit metastases with 
positive nodes 
Distant metastases 
MX Unknown, cannot assess 
MO None 
M1 Skin or subcutaneous tissue beyond the primary nodal area 
M2 Visceral 


Stage grouping 
Stage IA TI, NO, MO 
Stage IB 2, NO, MO 
Stage IIA T3, NO, MO 
Stage IIB T4, NO, MO 
Stage HI Any T, N1, MO 
Stage IV Any T, N2 MO or any T, any N, M1-2 
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The 1983 AJCC system classified patients with nodes 
greater than 5 cm in diameter as N2, thus stage IV. We 
have not found size of the largest node, when recorded, 
to be a significant prognostic variable, either by univariate 
or multivariate analysis.f In addition size of the largest 
node was recorded in only 192 of 449 patients (43%), with 
an equal size distribution seen between PS-III and PS-IV 
patients. For these reasons size of the largest node was 
not used to pathologically stage the patients in this review. 


Operations Performed 


During the time of this review at our institution, elective 
node dissection was offered to patients in good general 
health with primary melanomas greater than or equal to 
Clark IJ, or more recently, greater than or equal to 1.5 
mm in thickness. This treatment philosophy was based 
on the biostatistical prevalence of occult positive nodes 
in these patients and the suggestion of a survival benefit 
from elective node dissection in these patients as reported 
by a number of published retrospective studies.!™!5 In the 


- case of axillary dissection, whether elective or therapeutic, 


the standard radical lymphadenectomy was performed, 


‘ removing the entire axillary contents, usually including 


the pectoralis minor muscle, up to and including the level 
3 nodes medial to the pectoralis minor, exposing the cos- 
toclavicular ligament. Groin dissection also followed well- 
established surgical techniques. Elective groin dissection 
usually consisted of a radical superficial inguinofemoral 
lymphadenectomy. Radical superficial and deep iliac/ob- 
turator dissection to the level of the aortic bifurcation 
usually was undertaken in the case of a therapeutic groin 
dissection for clinically positive nodes. 


Adjuvant Therapy 


In general patients with positive nodes, no evidence of 
extranodal disease (i.e., pathologic stage III), and no med- 
ical contraindications were offered participation in one 
of a series of sequential phase I adjuvant vaccine trials 
investigating the response to a number of modified ra- 
diated autologous or allogeneic melanoma whole cell vac- 
cines. As these were uncontrolled nonrandomized trials 
where the end point was detection of serologic titers or 
assessment of cell-mediated cytotoxicity, no statement can 
be made as to the impact of these trials on survival in 
participating patients. Of note, however, during this period 
only an occasional vaccinated patient demonstrated any 
serologic response or increase in cell-mediated cytotoxicity 
after receiving the whole cell vaccine. This prompted a 
shift to the investigation of adjuvant vaccination using 
purified melanoma antigens at our institution in the years 
after 1985. 
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Survival TABLE 2. Clinical and Pathologic Stages 

Survival was determined from both the date of diagnosis Pathologic Stage 
and the date of lymph node dissection to the dateofdeath Clinical Stage aT IV All 
or last follow-up, in an attempt to take into account the  ——————~ SS 
lead time bias in survival accrued to patients undergoing ae a A l i 
lymph node dissection earlier in the course of their mel- IV 0 73 73 


anoma. As results were similar when analyzed by both 
methods, survival is reported as the interval from the date 
of lymph node dissection, as this is the point common to 
all patients when all pathologic material was available for 
review and pathologic staging. Survival for each variable 
was estimated for each variable by the product-limit 
method of Kaplan and Meier.’® Survival distributions 
were compared using the log-rank method as described 
by Mantel.” 

Proportional hazards regression was used to incorporate 
all of the explanatory variables in the same model.’® For- 
ward stepwise procedure and likelihood ratio tests were 
used to select the variables with the greatest prognostic 
value. Interaction among the variables also was consid- 
ered. The adequacy of the model to the data was checked 
by fitting separate proportional hazard models to parti- 
tions of the data determined by a given categorical vari- 
able. The coefficients estimated by each partition should 
not differ substantially unless there was an interaction 
effect. Cumulative hazard plots also were generated to 
visually check the assumption of the proportionality of 
the hazard rates. 

The statistical analysis was performed using the BMDP 
statistical package.!? Differences were considered signifi- 
cant at the p = 0.05 level. 


Results 


The records of 1019 patients with melanoma under- 
going axillary or inguinal lymph node dissection at Me- 
morial Sloan-Kettering Cancer Center between 1974 and 
1984 were reviewed; 449 (44%) were found to have his- 
tologically confirmed metastatic melanoma in regional 
nodes. There were 261 male and 188 female patients. The 
median age was 50 years (range 8-84 years). The location 
of the primary lesion was upper extremity in 47 patients, 
lower extremity in 168 patients, and trunk in 183 patients. 
In 51 patients the site of the primary lesion was occult. 

The distribution of clinical and pathologic staging is 
shown in Table 2. Of the 449 patients with positive nodes, 
102 (23%) had been classified as clinical stage I to I, in 
other words, with clinically negative nodes; these patients 
underwent elective lymph node dissection (ELND). Two 
hundred seventy-four patients (61%) were classified as 
clinical stage III, with clinically positive nodes in the ab- 
sence of extraregional disease, and underwent therapeutic 
lymph node dissection (TLND). In the remaining 73 pa- 
tients (16%) classified as clinical stage IV, the lymph node 


ALL 350 99 449 


dissection was termed palliative (PLND), intended for lo- 
coregional control of disease in patients with more than 
one nodal group involved, or with evidence of extranodal 
metastases. Included in this group, as defined by the 1983 
AJCC staging system, were 28 patients with metastases 
in more than one nodal group (N2), 22 patients with nodal 
metastases to one nodal group and intransit metastases 
(N2), 7 patients with extraregional soft. tissue metastases 
(M1), and 16 patients with visceral metastases (M2). 

Of the 449 patients, 147 (33%) were found to have pos- 
itive nodes within 1 month of the diagnosis of melanoma. 
The majority of patients in this subgroup underwent elec- 
tive lymph node dissection for clinically negative nodes 
(66 patients) or therapeutic lymph node dissection for 
metastatic melanoma of unknown primary (25 patients). 
Another 147 patients (33%) were found to have positive 
nodes from | to 9 months after the initial diagnosis of 
melanoma. One hundred fifty-five patients (34%) were 
found to have positive nodes more than 6 months sub- 
sequent to the diagnosis and treatment of their primary 
melanoma, at a median delay of 32 months (range, 9- 
449 months). 

Median follow-up for the 298 patients dead of disease 
was 2] months, and 84 months for the 130 patients alive 
and free of disease at the time of analysis. Eight patients 
were alive with disease at a mean of 82 months’ follow- 
up, and nine patients had died of other causes at a mean 
of 40 months’ follow-up. Only four patients were lost to 
follow-up, three of them having returned abroad imme- 
diately after lymphadenectomy. 


Survival 


Overall survival for the entire group is shown in Figure 
1. The estimated median survival was 27 months, with a 
5-year survival (SYS) of 32% and a 10-year survival (LOYS) 
of 27%. The single most important predictor of outcome 
in these node-positive patients was pathologic stage (PS). 
For the 350 PS-III patients, the median survival was 38 
months, with a 5YS of 39% and a 10YS of 32%. For the 
99 PS-IV patients the median survival was 11 months, 
with a SYS and 10YS of 9% (p < 0.0001). Because these 
groups were so clinically disparate, they were separated 
for the purposes of subsequent detailed analysis. 


Proportion Surviving 





Time (Months) 


Fic. 1. Overall survival of 449 patients with melanoma metastatic to 
axilla or groin by pathologic stage. 


Pathologic Stage HI— Univariate Analysis 


The distribution and outcome of PS-III patients strat- 
ified by univariate analysis of patient-related factors, pri- 
mary related factors, and lymph-node—related factors is 
shown in Tables 3, 4, and 5. 

Of the patient-related factors, low clinical stage pre- 
dicted a more favorable outcome; patients with clinically 
negative nodes (i.e., CS-I, CS-II) had a better outcome 
than those with clinically positive nodes (p = 0.003). The 
timing of lymph node dissection (LND) relative to diag- 
nosis was also an important factor (p = 0.02), with patients 
undergoing LND from | to 9 months after diagnosis faring 
worse than those undergoing LND within a month of 
diagnosis (mostly elective node dissections for clinically 
occult disease) or those undergoing LND more than 9 
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months after diagnosis (perhaps with biologically more 
indolent tumors). Age and sex were not predictive of out- 
come in PS-HI patients. 

Of the primary related variables, nontruncal site was 
the most highly predictive of outcome (p = 0.0004 vs. 
truncal site). Clark level was also significant because of 
the very poor outcome of patients with Ciark V primaries 
(p = 0.02). This survival difference was not observed in 
those patients in whom the Breslow thickness was known 
to be greater than 2.5 mm and was not seen when Clark 
level and Breslow thickness were combined into the cat- 
egory of AJCC T stage. Ulceration of the primary was not 
significant. 

The most important variables were related to charac- 
teristics of the positive nodes. The extent of nodal in- 
volvement (macroscopic vs. microscopic) and the presence 
or absence of extranodal soft tissue extension of tumor 
in the lymphadenectomy specimen were highly predictive 
of outcome (p < 0.0001). The number of positive nodes 
was also highly significant (p = 0.0007). Finally, as ex- 
pected, those patients in whom the highest node dissected 
was positive had a poorer survival than those in whom 
the highest node was negative (p = 0.001). Factors not 
predictive of outcome in this group included the size of 
the largest positive node and the site of lymphadenectomy. 


Pathologic Stage I]I—Mutltivariate Analysis 


All of the variables included in the univariate analysis 
were entered into a forward stepwise proportional hazards 
regression. Complete information on all variables was 
available on 308 of the 350 patients. Table 6 shows the 
summary of the multivariate analysis in terms of likeli- 
hood ratio tests, regression coefficients, and standard er- 
rors of the selected variables. No other variables showed 


TABLE 3. Univariate Analysis of Patient-Related Factors: Pathologic Stage III 


Variable N Median Survival (mo) 
Sex 

M 206 38 

F 144 42 
Age (yr) 

<44 117 44 

44-57 120 35 

>57 113 35 
Clinical stage 

IB 9 a 

IIA 57 87 

IIB 30 54 

II 254 29 
Delay to LND 

<1 mo 123 47 

1-9 mo 117 26 

>9 mo 110 44 


LND, lymph node dissection. 


5~Year Survival (%) 


10-Year Survival (%) p (Mantel—Cox) 


39 32 

43 37 0.41 
47 40 

37 34 

36 29 0.33 
86 68 

52 4] 

40 36 

35 31 0.003 
45 38 

32 27 

43 38 0.02 
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TABLE 4. Univariate Analysis of Primary-Related Variables: Pathologic Stage II 


Variable N Median Survival (mo) 5-Year Survival (%) 10-Year Survival (%) p (Mantel—-Cox) 


Site 
Arm 43 64 ee oe BE 
Leg 125 48 46 37 
Trunk 145 27 28 23 
Unknown 37 35 46 39 
Nontrunk 205 48 47 38 0.0004 vs. trunk 
Level l 
H 22 38 40 40 
I 79 42 40 38 0.016 
IV 131 42 44 35 
Vv 20 16 0 0 
Breslow thickness 
<2.5 mm 84 40 40 35 0.94 
>2.5 mm 86 39 40 34 
AJCC T stage 
Tl 21 38 37 37 
T2 63 40 38 31 
T3 135 42 42 36 
T4 48 33 36 33 0.86 
Ulceration ; 
Absent 195 42 40 33 
Present 98 38 42 38 0.85 


AJCC, American Joint Commission on Cancer. 


independent prognostic importance in the proportional where 
hazards regression. The hypothesis that all of the regres- 
sion coefficients were zero was rejected (chi square f ; 
= 44.33, df = 4, p < 0.00001). eae Saat | B 
The four independently significant variables of extran- M=1if nodes AO aie! ically positive, M = 0 if 
odal disease, extent of nodal involvement, primary site, nodes nas icroscopically pomuve PON s 
and number of positive nodes were incorporated into an T = | if primary site is truncal, T = 0 if primary site is 


E = | if extranodal disease is present, E = 0 if extranodal 


equation to predict the relative risk of death from disease N = AEO d itive. N = 0 if <2 nod 
when all four variables were considered simultaneously. Ba i NOCES alk: POSEN = Tee ONES ale 
UV 


The risk equation is: 


If all factors are absent, the relative risk of dying of 
RISK = Exp(0.80E + 0.61M + 0.59T + 0.48N) ` disease is 1. Figure 2 shows the survival curves of PS-IH 


TABLE 5. Univariate Analysis of Lymph Node-Related Variables: Pathologic Stage IHI 


Variable N Median Survival (mo) 5-Yr Survival (%) -10-Yr Survival (%) p (Mantel—Cox) 

No. of positive nodes i , ; 

l 167 48 46 l -~ 40 

2-3 92 44 45 40 

>3 61 20 26 19 0.0007 
Extent of nodal involvement 

Microscopic 83 _ 63 . §2 

Gross 264 28 33 29 0.0000 
Extranodal extension 

Absent 313 43 43 36 

Present 34 {1 16 : 16 0.0000 
Largest positive node 

<2 cm 63 40 39 39 

2-3 em 44 47 41 35 

>3 cm 25 19 22 22 0.15 
Highest node status 

Negative 294 43 44 37 

Positive 16 1] 19 19 0.001 
Site of lymph node dissection 

Axilla 195 28 36 31 


Groin 155 43 43 33 0.15 
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TABLE 6. Final Proportional Hazard Regression Model: Pathologic 
Stage ITT. Variables of Prognostic Importance 





Likelihood Regression 
Ratio Test Coefficient 
Variable (p) (SE) 
Gross appearance 0.0010 0.608 (0.195) 
Truncal primary 0.0002 0.595 (0.158) 
> 2 positive nodes 0.0029 0.479 (0.157) 
Extranodal disease 0.0098 0.804 (0.285) 





patients stratified by relative risk as determined by these 
variables. The difference in survival between patients with 
a risk of >2 compared with <2 is highly significant (p 
< 9.0001), and clearly separates pathologic stage HI pa- 
tients into groups at low and high risk of recurrence and 
death from disease after axillary or inguinal node dissec- 
tion. 


Pathologic Stage IV—Univariate Analysis 


The distribution and outcome of PS-IV patients strat- 
ified by univariate analysis of patient-related factors, pri- 
mary related factors, and lymph-node-—related factors are 
shown in Tables 7, 8, and 9. 

Of the patient-related variables, only female sex pre- 
dicted a more favorable outcome (p = 0.01). Of interest 
- when the survival of these patients was examined by why 
they were classified as stage IV, there was no significant 
difference comparing the patients with more than one 
positive node group, the patients with visceral metastases, 
and the patients with positive nodes and intransit disease. 
There was a trend toward a more favorable outcome in 
patients with extraregional skin or soft tissue metastases, 
but this was not statistically significant (p = 0.11). 

None of the primary related factors was a significant 
predictor of outcome in the PS-IV patient group. 

Of the lymph-node-—related variables, the presence or 
absence of extranodal soft tissue disease strongly influ- 
enced prognosis (p < 0.0001). Macroscopic nodal ap- 
pearance approached statistical significance as a predictor 
of outcome (p = 0.06). 


Pathologic Stage 1V—Multivariate Analysis 


All of the variables included in the univariate analysis 
were entered into a forward stepwise proportional hazards 
regression. Complete information on all variables was 
available on 98 of the 99 patients. Table 10 shows the 
summary of the multivariate analysis in terms of likeli- 
hood ratio tests, regression coefficients, and standard er- 
rors of the selected variables. No other variable showed 
independent prognostic importance in the proportional 
hazards regression. The hypothesis that all the regression 
coefficients were zero was rejected (chi square = 26.48, 
af = 3, p < 0.00001). 
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The three independently significant variables of ex- 
tranodal disease, sex, and interval from diagnosis to lymph 
node dissection were incorporated into an equation to 
predict the relative risk of death from disease when all 
three variables were considered simultaneously. The risk 
equation is: 


RISK = Exp(0.97E + 0.485 — 0.004D) 
where 


E = | 1f extranodal disease is present, E = 0 if extranodal 
disease is absent 

S = 1 if sex is male, S = 0 if sex is female 

D = interval from diagnosis of melanoma to lymph node 
dissection in months 


Figure 3 shows the survival curves of PS-IV patients 
by relative risk of dying as determined by these factors. 
The survival difference between those patients with a risk 
of <1 compared with those with a risk > 1 is highly sig- 
nificant (p < 0.0001). Clearly the presence of any one of 
the major risk factors, either extranodal disease or male 
sex, and to a lesser extent, a short interval from diagnosis 
to lymph node dissection (portending a biologically more 
aggressive tumor) predicts a very poor outcome. 


Recurrence 


Of the 449 patients with positive axillary or inguinal 
nodes, 300 (67%) recurred. The time to first recurrence 
is shown in Figure 4. Of note 50% of all recurrences had 
become manifest by 8 months. By 2 years after lymph- 
adenectomy, 85% of the risk of recurrence had passed. 


Discussion 


These data confirm the observations of other investi- 
gators that there is broad prognostic variability among 


Proportion Surviving 





Time (Months) 


FIG. 2. Survival of 350 patients with melanoma metastatic to axilla or 
groin, pathologic stage IH, by relative risk of death as determined by 
factors significant on multivariate analysis. 
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TABLE 7. Univariate Analysis of Patient-Related Factors: Pathologic Stage IV 

Variable N Median Survival (mo) 5~Yr Survival (%) 10-Yr Survival (%) p (Mantel—Cox} 
Sex 

M 55 9 5 5 

F 44 13 15 15 0,01 
Age (yr) 

<44 32 13 15 15 

44-57 28 10 T 7 

>57 39 8 9 9 0.19 
Clinical stage 

IB 1 — — — 

HA 2 32 0 0 

HB 3 — 67 67 

Ill 20 12 0 0 

IV 73 10 9 9 0.11 
Delay to LND 

<I mo 24 10 8 8 

1-9 mo 30 10 10 10 

>9 mo 45 iI 9 9 0.84 
Why stage IV 

N2 51 8 7 T 

M1 7 50 38 38 

M2 16 8 7 7 

NIN 25 13 8 8 0.11 


LND, lymph node dissection; N2, two nodal groups involved; M1, 
extraregional skin/soft tissue metastases; M2, visceral metastases; NIN, 


patients with melanoma metastatic to regional nodes. In 
fact we are reminded that the presence of nodal metastases, 
although important, does not constitute a categorical 
variable, either present or absent. Rather it defines another 
segment of the prognostic spectrum whose most important 
components are indicators of tumor burden (more than 
one node basin involved, extranodal disease, macroscopic 
nodal involvement, multiple nodes involved). 


positive nodes with in-transit metastases. 


AJCC Staging 


The 1983 AJCC Staging system grouped patients with 
metastatic disease in more than one nodal basin in the 
absence of clinically evident systemic metastases (N2) with 
those with nodal metastases and soft tissue or visceral 
metastases (M1, M2) into stage IV, prognostically quite 
distinct from patients with nodal metastases to one nodal 


TABLE 8. Univariate Analysis of Primary-Related Variables: Pathologic Stage IV 


Variable N Median Survival (mo) 

Site 

Arm 4 5 

Leg 43 13 

Trunk 38 9 

Unknown 14 10 

Nontrunk 6! 13 
Clark level 

II 5 13 

Il 12 14 

IV 32 7 

Y 9 13 
Breslow thickness 

<2.5 mm 10 13 

>2.5 mm 20 8 
AJCC T stage 

Tl 5 13 

T2 12 13 

T3 31 8 

T4 17 [1 
Ulceration 

Absent 57 10 

Present 22 12 


5-Yr Survival (%) 10-Yr Survival (%) p (Mantel-Cox) 

0 0 
8 8 

11 l1 
7 55 
8 8 0.15 vs. trunk 
0 0 

25 25 
0 0 
0 0 0.08 

15 15 

10 10 0.39 
0 0 

25 25 
5 5 
0 0 0.26 

13 13 
4 4 0.15 





AJCC, American Joint Commission on Cancer. 
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TABLE 9. Univariate Analysis of Lymph Node-Related Variables: Pathologic Stage IV 
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Variable N Median Survival (mo) 

No. of positive nodes 

l 13 10 

2-3 19 24 

>3 32 9 
Extent of nodal 

involvement 

Microscopic 5 32 

Gross I3. It 
Extranodal extension 

Absent 62 13 

_ Present 36 6 

Largest positive node 

<2 cm 18 9 

2-3 cm 17 10 

>3 cm 25 9 
Highest node status 

Negative 49 1] 

Positive 29 8 
Site of lymph node 

dissection 
Axilla 30 10 
Groin 69 11 


basin only (N1). This stage grouping was fully validated 
by our analysis. As shown in Table 7, there was no sig- 
nificant difference in survival by why the patients were 
. Classified PS-IV. In fact pathologic stage was such an im- 
portant predictor of outcome in this review that PS-III 
and PS-IV patients were analyzed separately. 

Pathologic Stage III. Within the group of patients clas- 
sified as PS-III, with metastases to only one nodal basin, 
factors reflecting tumor burden were most predictive of 
outcome. The presence of extranodal tumor extension, 
macroscopic as opposed to microscopic nodal involve- 
ment, and a high number of positive nodes all predicted 
early recurrence and death. This is consistent with data 
reported from a number of prior studies of melanoma 
patients with nodal metastases, by both univariatet®* 120-22 
and multivariate? analysis. 

Extracapsular extension of tumor into perinodal soft 
tissue has also been observed to be a predictor of recur- 
rence and death in a number of other malignancies, in- 
cluding larynx,” breast,” and testis.” 

In this review we found that prognosis deteriorated 
substantially when three or more nodes were involved. 
Other studies have reported this number to range from 
two to five nodes. Clearly as with the other indices of 
tumor burden, number of positive nodes is a continuous 
rather than a discrete variable, the risk of recurrence in- 
creasing with the number of nodes involved. 

As we have shown previously,° size of the largest pos- 
itive node was not a significant predictor of death, either 
within pathologic stage or when all patients were consid- 
ered together. This is contrary to what would be predicted 
by the AJCC staging system in which patients with nodes 


5-Yr Survival (%) 10-Yr Survival (%) p (Mantel-Cox} 
23 i 23 
1] 11 
6 6 0.09 
40 40 
8 8 0.06 
15 15 
0 0 0.0000 
0 0 
6 6 
8 8 0.85 
10 10 
14 14 0.67 
17 17 


5 5 0.69 


greater than 5 cm in diameter are upstaged from N1 
to N2. 

Finally clinical stage, significant as a predictor of out- 
come by univariate analysis, was excluded from the final 
model, entirely overshadowed by these three pathologic 
factors. 

The only non—lymph-node-related variable found to 
be significant was truncal as opposed to extremity or occult 
primary site. This has been observed by a number of prior 
investigators.*>® The explanation for this is not clear, but 
it does not appear to be related to the more indeterminate 
lymphatic drainage patterns of truncal primaries. The site 
of first relapse after treatment of truncal primaries is much 
more frequently systemic rather than in an undissected 
lymph node basin.” There may be an as yet unidentified 
indicator of the biologic aggressiveness that can help to 
define the more aggressive behavior of these axial mela- 
nomas. 

The relative risk equation generated by incorporating 
the weighted contributions of each of the factors significant 
by multivariate analysis serves a number of purposes. As 


TABLE 10. Final Proportional Hazard Regression Model: Pathologie 
Stage IV. Variables of Prognostic Importance 


Likelihood Regression 
Ratio Test Coefficient 
Variable (p) (SE) 
Extranodal disease 0.0001 0.967 (0.234) 
Sex 0.0293 0.479 (0.222) 
Diagnosis to LND 0.0375 —0.004 (0,002) 


LND, lymph node dissection. 
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1.8 
0.8 
0.6 


9.4 


Proportion Surviving 


0.2 





Time (Months) 


Fic. 3. Survival of 99 patients with melanoma metastatic to axilla or 
groin, pathologic stage IV, by relative risk of death as determined by 
factors significant on multivariate analysis. 


shown in Figure 2, patients with none of the risk factors 
present (risk = 0) have a long-term disease-free survival 
of 54%. This is not the population that one would target 
for or even want to include in an aggressive surgical ad- 
juvant trial. Conversely patients with a relative risk of 
greater than 2 have an 80% chance of relapse and death. 
With a median survival of only 18 months, this subset of 
PS-III patients would very quickly demonstrate the effi- 
cacy of a single-armed adjuvant program, prompting its 
more formal evaluation in a prospective randomized 
fashion. 

Pathologic Stage IV. In this review, which focused only 
on patients with positive nodes, we could demonstrate no 
difference in survival among patients with metastases to 
more than one nodal basin (N2), those with nodal and 
intransit metastases (N2), and those with nodal and vis- 
ceral metastases (M2). The trend toward improved sur- 
vival in patients with nodal and soft tissue metastases (M1) 
has been noted previously,” although it was not statisti- 
cally significant in our series. The very poor prognosis of 
N2 patients, including patients with metastases to bilateral 
axillary or superficial groin nodes, or to both superficial 
and deep inguinal nodes, emphasizes the importance of 
trying to develop novel aggressive surgical adjuvant pro- 
grams. 

Even within the subgroup of node-positive PS-IV pa- 
tients, the presence of extranodal tumor extension was 
highly predictive of systemic failure. The prevalence of 
this factor alone could help to explain some of the dis- 
crepancy between results reported after groin dissection 
in patients with melanoma metastatic to inguinal and iliac 
or obturator nodes.?78 

Female sex was a favorable predictor of outcome in 
node-positive PS-IV patients. The influence of hormonal 
milieu on the course of patients with advanced melanoma 
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has been long debated without resolution. Easier to explain 
is the favorable impact of a longer interval from diagnosis 
to lymph node dissection in these patients, as an indirect 
indicator of the biologic aggressiveness or “pace” of the 
disease in an individual patient. 

The relative risk equation again combines the weighted 
contribution of each of these factors into an estimated 
probability of survival, as shown in Figure 3. This equation 
is clearly able to separate patients into a group at risk for 
very early recurrence and death from those who can an- 
ticipate a small but finite long-term probability of survival, 
independent of the presence or absence of visceral me- 
tastases. 


Recurrence 


The time to first recurrence plot, shown in Figure 4, 
has important implications with regard to the clinical 
management of node-positive melanoma patients. Al- 
though it is recognized that there is a subset of melanoma 
patients who will manifest their first recurrence 10 years 
or more after treatment of their primary, most of these 
patients will have had negative nodes at initial treat- 
ment.2?° In contrast half of patients in this series with 
positive nodes who recurred did so within 8 months. From 
the individual patient’s standpoint, it is extremely reas- 
suring to hear that by 1 year 70% of the risk of recurrence 
is passed, and that by 2 years 85% of the risk of recurrence 
is passed. 

It is also helpful for the clinician to understand the 
time course of recurrent disease so that a rational schedule 
of follow-up can be developed. If one wishes to detect a 
10% increment in cumulative risk of recurrence at each 
successive visit, then one would need to see the patient 
every 2 months for eight visits to detect the 80% cumu- 
lative risk of recurrence that occurs within the first 16 


100 
80 


Risk (%) 


40 


20 


0 12 24 36 48 60 72 84 95 
Time (Months) 
Fic. 4. Cumulative risk of recurrence over time in 300 patients whose 


disease recurred after lymphadenectomy for melanoma metastatic to 
axillary or groin nodes, 
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months. Clearly, however, as the slope of the recurrence 


curve flattens out after 2 years, follow-up could be ar- 
ranged at much less frequent intervals. 


Summary 


In summary long-term survival after resection of mel- 

anoma metastatic to axillary or inguinal nodes is clearly 
possible; this fact should negate any therapeutic surgical 
- nihilism in these patients. These patients do represent 
an. extremely heterogeneous population, however, one 
that can be subdivided into groups by pathologic stage, 
and within pathologic stage by a number of patient-, 
primary-, and Iymph-node-related variables. Within 
pathologic stage III patients, we can clearly identify pa- 
tients at high and low risk of recurrence based on the 
presence of extranodal disease, the extent of nodal in- 
volvement, the primary site, and the number of nodes 
involved. Even within pathologic stage IV, which should 
justifiably include all patients with N2 disease, patients 
at relatively higher and lower risk of recurrence can be 
identified, using the variables of extranodal disease, sex, 
and interval from diagnosis to lymph node dissection. 
This type of analysis clearly defines subgroups of patients 
who are at very high risk of recurrence and death, patients 
who should be offered participation in aggressive surgical 
adjuvant trials. 
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Lymphatic Drainage of Skin to a Sentinel Lymph | 


Node 1n a Feline Model 
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To determine the feasibility of selective lymphadenectomy, the 
authors developed a feline model to identify and determine the 
utility of mapping dyes for this purpose. Adult cats were injected 
intradermally with a variety of mapping substances to determine 
whether the anatomic site of injection had a predictable pattern 
of drainage to a particular lymph node. Isosulfan blue provided 
the optimal mapping material. Injection of isosulfan blue intra- 
dermally into the skin of the medial thigh consistently led to 
coloration of the central lymph node, whereas intradermal ab- 
dominal wall injections and intradermal lateral thigh injections 
resulted in coloration of the lateral lymph node. Intradermal 
injections into skin about the perineum resulted in coloration of 
the most medial lymph node only. The feline model proved to a 
useful model to examine the utility of mapping dyes and to dem- 
onstrate dermal lymphatics. The predictable pattern of drainage 
of the skin in this feline model supports the feasibility of selective 
lymphadenectomy. 


NUMBER OF CLINICAL observations suggest that 

the primary route of metastasis in human mel- 

anoma is through the dermal lymphatics to the 
regional lymph nodes. Among these observations is the 
recognition that the most frequent initial site of metastatic 
disease is the regional lymph nodes and the occasional, 
although not infrequent, occurrence of dermal metastases 
surrounding the primary lesion (satellites) or the devel- 
opment of in-transit recurrent melanoma.) 

Based on these clinical observations, a surgical strategy 
to widely encompass the primary tumor and to excise the 
regional lymphatics at risk for harboring metastatic disease 
generally has been considered standard therapy for ma- 
lignant melanoma. Based on the microscopic observation 
of lymphatic permeation of tumor cells surrounding the 
primary tumor, Handley’ advised a circular incision about 
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the primary tumor to encompass tissue potentially in- 
volved with metastatic tumor cells. Although the concept 
of “wide” excision generally has been well accepted, the 
value of immediate lymphadenectomy in the surgical 
treatment of melanoma in the absence of clinically iden- 
tifiable disease continues to generate considerable debate. 
Large, single institutional retrospective reviews have sug- 
gested that immediate lymphadenectomy results in im- 
proved survival in certain subsets of melanoma patients 
when compared with those who undergo therapeutic 
lymphadenectomy for clinically apparent disease.** Two 
prospective randomized trials, however, have indicated 
no statistically significant survival benefit for patients un- 
dergoing immediate lymphadenectomy when compared 
with those undergoing therapeutic lymphadenectomy.”® 

It is apparent that immediate lymphadenectomy can 
potentially benefit only those individuals with metastatic 
involvement of the regional lymph nodes. Microstaging 
of the primary lesion by both Clark’s level and depth of 
invasion has an important correlation with the probability 
of lymph node metastases.” !? Patients with primary mel- 
anoma less than 0.76 mm in thickness rarely metastasize, 
whereas patients with increasingly invasive primary mel- 
anomas have an increasing incidence of node metastasis. 
Despite the obvious ability of microstaging to define a 
group of patients at either high or low risk for developing 
lymph node metastases, most patients with clinically un- 
involved lymph nodes are not found to have microscopic 
disease at the time of lymphadenectomy. 

The interrelationship between the skin, dermal lym- 
phatics, and lymph nodes is poorly understood. Lym- 
phangiographic studies have demonstrated that fine der- 


637 


638° WONG, CAGLE, AND MORTON 


mal lymphatics coalesce to form a number of major lym- 
phatic trunks that eventually drain to the regional lymph 
nodes. Despite the apparent complexity of the dermal 
lymphatic system, it does not seem unreasonable to an- 


. ticipate that the primary lymphatic drainage of any given - 


site of skin would be to a single, “sentinel” Iympb node. 
Although it seems logical that metastasizing cells would 
spread to the geographically closest node, this is not nec- 
essarily the case.!? If the concept of a “sentinel” lymph 
node is valid, then perhaps methodology could be devel- 
oped that could identify that specific lymph node at risk 
for containing metastatic disease. This lymph node then 
could be excised with a selective lymphadenectomy and 
examined. If found to be uninvolved with metastatic tu- 
mor, the patient could be spared the risk and potential 
complications of complete lymphadenectomy. If the 
lymph node were positive, only then would a complete 
lymphadenectomy be potentially therapeutic. 

To address this question, we sought an appropriate an- 
imal model to determine the specificity of the lymphatic 
drainage of the skin. In contrast to almost all rodents and 


mammals, in which the lymphatic drainage is toa single . 


large lymph node, only the cat has a lymphatic anatomy 
similar to the multiple lymph nodes found in lymphatic 
basins of the neck, axilla, or groin of humans. The cat 
has three inguinal lymph nodes,’* similar to the multiple 
lymph nodes in humans, and therefore seems ideally 
suited to examine the hypothesis of site-specific lymphatic 
drainage of the skin. 


Materials and Methods 
Animals 


After approval of the treatment protocol by the Insti- 
tutional Animal Review Committee, adult male and fe- 
male cats were obtained 1 day before the planned pro- 
cedure and housed overnight in the animal vivarium at 
UCLA. All surgical procedures were performed under 
general anesthesia (ketamine [10 mg/kg] and halothane). 
Each animal was used for evaluation of both right and 
left inguinal node stations, and each injection site was 
accounted for as a single data point. At the completion 
of the surgical procedures, all cats were killed by lethal 
injection with potassium chloride. 


Dyes 


A number of substances were examined for their po- 
tential utility as tracking dyes in the lymphatics. These 
included methylene blue (American Regent Lab, Shirley, 
NY), isosulfan blue (Zenith Parenterals, Rosemont, IL), 
and Cyalume (American Cyanamid Co., Bound Brook, 
NJ). All substances used were known to be nontoxic in 
vivo and were injected intradermally as provided from the 
supplier. 
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Treatment Protocol 


Under general anesthesia 0.25 to 0.5 mL of the mapping 
dye was carefully injected intradermally, using a 25-gauge 
tuberculin syringe. Approximately 5 minutes later, to al- 
low the entry of the mapping dye into the lymphatics, an 
oblique incision in the groin was made and the skin flap 
opposite the site of injection was raised sharply with a 
scalpel. The proximal flap was elevated in a similar fash- 
ion, taking extreme care to be superficial to the lymphatic 
channels to avoid dividing them. A superficial groin dis- 
section subsequently was performed by taking the inguinal 
fat pad starting from the area most distal from the dye 
injection site and dissecting it off the fascia of the anterior 
abdominal wall and femoral triangle. The orientation of 
the specimen was preserved and the individual lymph 
nodes were isolated and visually characterized for presence 
or absence of the dye. 


Results 
Selection of the Optimal Mapping Dye. 


Three agents were studied to determine an optimal 
material for mapping the lymphatics. Cyalume is a flu- 
orescent dye that allowed ready identification of the lym- 
phatic but had substantial problems with background flu- 
orescence because of leakage into the surrounding inter- 
stitial tissue space. For this reason Cyaiume proved not 
to be a satisfactory lymphatic mapping agent. Methylene 
blue, when injected intradermally, proved to be unsatis- 
factory in defining the lymphatic drainage because of poor 
uptake in the lymphatics as well as staining of the tissue. 

The most useful mapping dye proved to be isosulfan 
blue. Isosulfan blue, when injected intradermally, rapidly 
entered the lymphatics and was associated with minimal 
diffusion into surrounding soft tissue. Elevation of skin 
flaps before the injection of the isosulfan blue allowed us 
to visualize the rapid uptake and the progress of the dye 
toward the draining lymph node station. The dye was 
readily visualized in the lymphatic channels, as was the 
lymph node, which turns a light blue color as the dye 
diffuses through the node (Fig. 1). 


Lymphatic Mapping 


Per the treatment protocol, adult cats were anesthetized 
and 0.25 to 0.5 mL isosulfan blue was injected intrader- 
mally. An intradermal injection of the isosulfan blue was 
critical in achieving the results. Subcutaneous injection 
of the isosulfan blue resulted in rapid uptake of the dye 
into subcutaneous lymphatics, which subsequently enter 
lymph nodes in the deep groin, bypassing nodes in the 
superficial groin. 

The lymphatic anatomy of the cat allows identification 
of three regional lymph nodes: a medial, a middle, and a 
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FIG. 1. Intraoperative examination of the dermal lymphatic system using 
isosulfan blue. The lymphatic channels are readily visualized as bright 
blue (small arrows). The lymph node (/arge arrow) is stained a pale blue 
that is clearly distinguishable from the adjacent lymph nodes marked 
by the needles. This lymph node was identified after injection of isosulfan 
blue intradermally in the medial thigh. 


lateral node. The skin of the hind limb laterally and me- 
dially, the perineum, and the abdominal wall all were 
used as the sites of injection. A predictable pattern of 
lymphatic drainage from the various sites of injection 
rapidly emerged. Injection of isosulfan blue (6/6 injec- 
tions) intradermally into the skin of the medial thigh uni- 
formly resulted in blue coloration of only the middle 
lymph node (Fig. 2). In contrast injection of isosulfan 
blue intradermally into skin of the lateral thigh (10/10 
injections) uniformly resulted in blue coloration of the 
lateral lymph node only, as did a similar injection intra- 
dermally into the skin of the anterior abdominal wall. 
Similarly injection intradermally into skin of the perineum 
(4/4 injections) resulted in blue coloration in the medial 
lymph node only. 

Further studies were performed with the lymph nodes 
in situ. A similar elevation of skin flaps was performed 
and the afferent lymphatic channel was identified. Using 
a meticulous dissection technique, we were able to follow 
the dermal lymphatic channel to the primary draining 
lymph node. Continued observation of the in situ lymph 
nodes allowed us to follow the progression of the dye 
through the lymph node and sequentially into the adjacent 
lymph node before entering the deep lymphatic system 
of the groin. 


Discussion 


This report describes the development of a feline model 
to determine the feasibility of intraoperative mapping for 
the purpose of selective lymphadenectomy. The feline 
model was selected because the cat has a regional lym- 
phatic anatomy that most closely approximates that of 
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humans. In contrast to most rodent and mammals other 
than humans, who have only a single large lymph node, 
the cat uniformly has multiple lymph nodes in the groin. 
The multiple lymph nodes in the groin of the cat provide 
a reasonable model of the lymphatic anatomy encoun- 
tered in the lymph node basins draining the skin of hu- 
mans. The results achieved in this model indicate that 
the dye isosulfan blue (Lymphazurin®) provides a useful 
tool in mapping the dermal lymphatics. Of even greater 
importance clinically, it can be demonstrated that a par- 
ticular anatomic skin site will drain to a specific lymph 
node. 

The standard technique for visualizing lymph node ar- 
chitecture and determining whether the lymph node is 
involved with a metastatic process is lymphangiography. '* 
This technique is dependent on the replacement of normal 
lymph node tissue by the neoplastic process that does not 
fill with radiopaque contrast material. Although this has 
been used in melanoma, it has proven not to be of use 
for the identification of patients who are candidates for 
lymphadenectomy.'> Because lymphangiography can 
identify only lymph nodes in which substantial amounts 
of the node have been replaced by metastatic deposit, and 
the majority of lymph nodes that are clinically uninvolved 
with metastatic tumor will have metastatic tumor deposits 
identified only microscopically or by using sensitive im- 
munohistochemical techniques,'° this standard lymph- 
angiography is of little use in this setting. For this reason 
the ability to map the lymphatics and to selectively identify 
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SN 
FIG. 2. Schematic representation of injection sites in the feline model. 
A reproducible pattern of drainage was identified by injection of isosulfan 
blue into the medial aspect of the thigh, which led to drainage to the 
middle lymph node; the lateral thigh, which led to drainage to the lateral 
lymph node; and the perineum and lower abdomen, which drained the 
medial lymph node. 
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the lymph node or nodes at greatest risk for containing 
metastatic disease appears to be critical if selective 
lymphadenectomy is to be clinically useful at the time of 
surgical excision. 

Isosulfan blue is a monosodium salt of a 2,5 disulfon- 
ated triphenylmethane dye!” that may be weakly bound 
to albumin and is selectively picked up by the lymphatic 
vessels, which then are delineated in a bright blue color, 
making them discernible from surrounding tissue. It has 
no known pharmacologic action. Isosulfan blue has been 
indicated as an adjunct to lymphography in humans for 
visualization of the lymphatic system draining from the 
region of injection, and comes from the manufacturer in 
a 1% solution. For the purpose of visualizing the fine der- 
mal lymphatics in humans, isosulfan blue satisfactorily 
identified the lymphatics in approximately 97% of subjects 
studied.'’ It seemed to be an ideal dye for use in this 
model. 

In this study isosulfan blue was used to identify the 
dermal lymphatics and to map the regional lymphatics 
of the cat. The dye proved to have a number of charac- 
teristics that could be useful in selective lymphadenec- 
tomy. The bright blue coloration of isosulfan blue is 
readily visualized and allows easy identification of the 
lymphatic channel. Additionally when entering the lymph 
node, isosulfan blue stains the node a pale blue that is 
readily discernible from the nonstained lymph node. In 
contrast the other dyes used in this study proved to be 
unsatisfactory and were abandoned, largely because of 
diffusion into the surrounding tissue and insufficient pick- 
up by the lymphatic vessels. Cyalume as a fluorescent dye 
was readily visualized but required a dark room for op- 
timal visualization. Additionally because of the extensive 
and rapid diffusion into the surrounding tissue, the back- 
ground fluorescence made this agent unacceptable. 
Methylene blue, a water-soluble agent, proved to have 
relatively poor uptake by the lymphatics. Combining 
methylene blue with varying concentrations of high-mo- 
lecular-weight dextran, failed to improve the lymphatic 
uptake. For this reason further studies with this agent were 
abandoned. 

Certain technical aspects regarding the use of isosulfan 
blue in the mapping of dermal lymphatics in the cat are 
worthy of discussion. Injection of the dye intradermally 
is critical, because subcutaneous injections result in the 
rapid passage of dye through apparently distinct and sep- 
arate lymphatic channels into the deep nodes of the iliac 
system, completely bypassing the superficial inguinal 
nodes. To minimize this potential confusion, only small 
volumes of dye should be injected to prevent the extrav- 
asation of the dye in the subcutaneous tissue. In defining 
the lymphatics, extreme caution should be used in ele- 
vating skin flaps. Furthermore it is preferable to develop 
skin flaps that are opposite the injection site to avoid pre- 
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mature disruption of these fine lymphatic channels. Fi- 
nally the dissection must be performed promptly, because 
the dye can sequentially pass through the primary draining 
lymph node into an adjacent lymph node. 

The feline model used in this study provides insight 
into a number of critical questions regarding the lymphatic 
drainage of skin. Because the cat is similar to humans 
with multiple lymph nodes in the groin, it provided the 
means to study whether a particular area of the skin 
drained to a particular lymph node. The ability to repro- 
ducibly map a single lymph node by injection of isosulfan 
blue into a given anatomic site suggests that lymphatic 
drainage is highly predictable and drains to a single “‘sen- 
tinel” lymph node. Only after the isosulfan blue passes 
through the primary draining lymph node does it begin 
to stain the other lymph nodes. By carefully selecting the 
injection site for the isosulfan blue, we could identify an 
area where lymph nodes that drain separate anatomic sites 
could be stained blue, indicating the boundary between 
these two areas and a “crossing over” of the lymphatics. 

The results achieved by the intradermal injection of 
isosulfan blue in this feline model provide support for the 
concept of selective lymphadenectomy in those tumors 
of the skin at risk for lymphatic metastases, primarily cu- 
taneous malignant melanoma. If tumor cells were to enter 
the dermal lymphatics and travel in a fashion similar to 
isosulfan blue, it would seem logical to assume that the 
primary lymph node draining that site would be the node 
at risk for developing metastatic disease. If the lymphatics 
of the primary melanoma could be mapped and the lymph 
node at risk examined, the need for complete lymphad- 
enectomy might be avoided if this lymph node could be 
shown not to harbor metastatic disease. The development 
of this feline model to examine the lymphatic drainage 
of the skin supports the potential utility of selective 
lymphadenectomy in the surgical management of cuta- 
neous neoplasms whose primary route of metastases is 
through the dermal lymphatics. 
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Research in Medicine: A Guide to Writing a Thesis in the Med- 
ical Sciences. George Murrell, Christopher Huang, and Harold 
Ellis. 105 pp. New York: Cambridge University Press, 1990. 
$39.50. 


THE ERA OF modern medicine has seen increasing numbers 
of doctors being drawn toward research in the course of their 
training, often with little guidance on the skills and personal 
qualities required of a medical research worker. This excellent 
book provides practical advice for the beginner on the problems 
associated with the performance and evaluation of research and 
working for a thesis. Much of what is discussed seems obvious 
when encountered, but is often not considered by the newcomer 
to biomedical research. Although this guide is directed primarily 
at academic doctors, the principles outlined can be applied by 
workers in all the experimental sciences. 

The steps to be taken when pursuing a research program are 
outlined in chronological order and are easily followed. The 
authors briefly address the question of why one should do re- 
search, and then devote three chapters to the necessary prepa- 
ration for this pursuit. Discussion of the research degrees avail- 
able is comprehensive, as are details of the processes involved 
in applying for research positions. The chapter on Research Su- 
pervisors and Projects is particularly useful, because it addresses 
many aspects of the preparatory phase so easily overlooked by 
the novice. Four chronological phases are identified in the re- 
search program itself. Description of the “setting up phase,” 
during which one develops methods to be used in the research 
project, is excellent. Emphasis is placed on the importance of 
self-discipline and the keeping of careful notes, and useful advice 
is given on choosing laboratory techniques, planning experi- 
ments, and following the literature. The “frustration phase,” 
during which one develops one’s experimental skills to a level 
where they yield valid results, and the “results phase,” during 
which hypotheses are tested and results are obtained and ana- 
lyzed, are dealt with briefly. Advice regarding the presentation 
and publication of findings is useful. The remainder of the text 
is devoted to the assembly, writing, and submission of the thesis, 
with a chapter also on scientific writing. Again the advice given 
is comprehensive and includes many easily overlooked points. 
Practical advice regarding the physical layout of the thesis, and 
its ultimate submission, is helpful. 

As stated by the authors in their introduction, they have de- 
voted most of their attention to the first and last phases of the 
research program. Although it is obviously not possible to address 
specific problems encountered during the “frustration” and “‘re- 
sults” phases in a text of this nature, one criticism is that these 
sections have been dealt with in too brief a fashion. Abbreviation 
of some of the background information in the early chapters 
may have permitted more expansive discussion of these very 
important aspects of the research experience. 
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Durham, North Carolina 


The authors are nonetheless to be commended for their pro- 
vision of a comprehensive guide to the undertaking of a research 
program in such a concise and well-laid-out fashion. This short 
book is quickly read and digested and will do much to alleviate 
unnecessary anxiety and save the reader valuable time and energy 
as he or she approaches the obstacles of research with greater 
efficiency and confidence. The ideals that are described provide 
goals for the young researcher to aim toward, and this excellent 
and inexpensive text is recommended to all newcomers to 
biomedical and scientific research. 


TERENCE J. BOYLE, B.SC., F.R.C.S.1. 
H. KIM LYERLY, M.D. 
Durham, North Carolina 


Atlas of Adult Cardiac Surgery. William A. Gay, Jr. 189 pp. 
New York: Churchill Livingstone, 1990. $125.00. 


DR. GAY has given us an excellent atlas covering the common 
procedures in adult cardiac surgery. The atlas is superbly illus- 
trated by Elizabeth Roselius. 

The procedures include myocardial revascularization, valve 
repair and replacement, repair of ventricular aneurysm, surgery 
for arrhythmias, and cardiac transplantation. The text is clear 
and concise, and it reads like a well-dictated operative note. 

Experienced surgeons might differ with Dr. Gay over technical 
details, but the volume is directed to those who need an intro- 
duction to this field. Toward this purpose the author succeeds 
admirably well. This work shows the advantages of a single- 
author book, particularly in the presentation of personal oper- 
ative approaches. 

This volume is the third in a series, edited by David Skinner, 
entitled Surgical Practice Illustrated. In the Introduction Dr. 
Skinner makes a persuasive case that the rapid evolution and 
specialization of surgical practice justifies publication of such 
atlases. This volume amply justifies his premise. 


KEITH REEMTSMA, M.D. 
New York, New York 


Atlas of Surgery of the Liver, Pancreas and Biliary Tract. Ken- 
neth W. Warren, Roger L. Jenkins, and Glenn D. Steele, Jr. 420 
pp. East Norwalk, CT: Appleton & Lange, 1990. $145.00. 


WEBSTER DEFINES SURGERY as the branch of medicine in 
which physical injury, deformity, and disease are treated by the 
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cutting and removal or repair of bodily parts. Central to this 
process is an intimate knowledge of anatomy and surgical tech- 
nique. Surgical atlases play an important role in the training of 
surgeons by their display of this information. The most successful 
additionally communicate the accumulated wisdom of experi- 
enced surgeons. This atlas, written by Drs. Warren, Jenkins, and 
Steele in collaboration, clearly falls into this latter group. These 
authors have produced a magnificent volume describing hepa- 
topancreaticobiliary operations. Recent advances and special- 
ization in this area make a volume such as this warranted and 
timely. 

The main strengths of the atlas lie in the quality of the illus- 
trations and the authors’ presentation of a personal approach to 
diseases and operations. The illustrations are superb, with the 
correct mixture of clarity and detail. Important anatomic rela- 
tionships and technical fine points are clearly portrayed. Brief 
accompanying texts describe operative indications, patient 
preparation, incisions, technique, and postoperative care. The 
personal, rather than generic, approach to these operations may 
be somewhat confusing to the novice surgeon. Their approach 
succeeds, however, in demonstrating how experienced, successful 
surgeons perform these operations. Acknowledging today’s 
multidisciplinary approach to hepatopancreaticobiliary disor- 
ders, two excellent chapters are devoted to endoscopic and in- 
terventional radiologic procedures. 

The book has a few flaws. Through what I suspect was an 
accident of timing of publication, laparoscopic cholecystectomy 
is poorly treated. The coverage of cholecystostomy is excessive 
and, peculiarly, the percutaneous approach is omitted. Similar 
criticism applies to the sections on hepatic and subphrenic ab- 
scesses. The recommendations for attempted curative resection 
of MEN-associated gastrinoma (p. 234) and resection of pan- 
creatic pseudocysts (p. 162) are not well supported in the liter- 
ature. The section describing excision of Klatskin tumors could 
be improved by including a discussion of the role of hepatic 
resection. Finally on p. 23 is shown the surprising drawing of a 
Penrose drain exiting the wound after a common bile duct ex- 
ploration. This could not be considered the state of the art in 
postoperative drainage today. 

Despite its weak points, I liked this atlas a great deal. Com- 
petitively priced, it will make a useful addition to departmental 
libraries and the personal collections of surgeons with particular 
interests in hepatopancreaticobiliary disorders. 


SEAN J. MULVIHILL, M.D. 
San Francisco, California 
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Venous Disorders. John J. Bergan and James S. T. Yao. 600 
pp. Philadelphia: W. B. Saunders, 1991. $125.00. 


THE DIAGNOSIS and treatment of venous disorders is an area 
of vascular surgery that has long been overshadowed by problems 
of the arterial circulation. This topic has recently assumed an 
increased importance to the vascular surgeon, however. This 
text attempts to present many of the modern changes in the 
approach to venous problems of all types, including those of the 
lower extremity, the upper extremity, and the large central veins. 

The book begins with basic considerations regarding the causes 
and treatment of venous thromboembolism and current views 
on the pathogenesis of venous ulceration. The next section on 
diagnostic studies contains particularly informative chapters on 
the use of duplex ultrasonography, color flow Doppler, and 
magnetic resonance imaging in the detection of venous throm- 
bosis. The section on the management of acute deep vein 
thrombosis includes an excellent chapter that comprehensively 
summarizes the large number of studies concerning this topic. 
A large portion of the text addresses the common problems of 
superficial and chronic venous insufficiency of the leg. Chapters 
on surgical procedures such as valve repair, popliteal vein valve 
transplantation, and venous bypass are written by experts in 
these fields, with presentations of technique and results of their 
personal series. The fact that many of these procedures should 
be considered experimental is adequately emphasized. Venous 
problems of the upper extremities are dealt with by recognized 
experts as well, with the inclusion of an excellent algorithm for 
treatment of patients with subclavian-axillary venous thrombosis. 
The remainder of the text includes chapters on the surgical 
management of venous injuries, surgery of the vena cava, and 
the management of venous thromboembolism. 

This book is well organized and well written. The references 
are complete and current. The tables and figures are generally 
good, as is the quality of the photographs and illustrations. One 
notable deficiency is the lack of a chapter on the technique and 
indications for compression sclerotherapy, although a chapter 
on the complications of this technique is included. In summary 
this is a valuable text that succeeds in providing the vascular 
surgeon with a modern overview of venous disorders and their 
treatment. It would be a definite asset to the library of anyone 
who deals with patients with venous problems. 


RAYMOND G. MAKHOUL, M.D. 
Richmond, Virginia 
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mirabilis, indole-positive Proteus (which include the organisms now called Morganella morgani! and Proteus 
vulgaris), and Providencia species (including Providencia rettgeri). Uncomplicated gonorrhea due to Neis- 
seria gonorrhoeae (penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by E. coli, 
Klebsiella species, Bacteroides species including the B fragilis group* and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflammatory disease, 
caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), Bacteroides species 
including the B fragilis group* Clostridium species, Peptococcus species, Peptostreptococcus species, and 
group B streptococci. 

SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non-penicillinase producing), 
E coli, Klebsiella species, and Bacteroides species including the B. fragilis group." 

BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 


producing), Staph. epidermidis, streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, P. mirabilis, 
_ Klebsiella species, Bacteroides species including the B. fragilis group,* Clostridium species, Peptococcus 


species, and Peptostreptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may be started while 
awaiting these results. Cefoxitin is not active in vitro against most strains of Pseudomonas aeruginosa and 
enterococci (e.g., Strep. faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
cocci are almost uniformly resistant to cefoxitin. 

Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, cesarean 
section, transurethral prostatectomy) classified as contaminated or potentially contaminated or in patients 
in whom subsequent infection at the operative site would present a serious risk, e.g., prosthetic arthroplasty. 
MEFOXIN usually should be given 2 to 1 hour before surgery and should usually be stopped within 24 hours 
since continuing administration of any antibiotic increases the possibility of adverse reactions but, in the 
majority of surgical procedures, does not reduce the incidence of subsequent infection. However, in patients 
undergoing prosthetic arthroplasty, it is recommended that MEFOXIN be continued for 72 hours after the 
surgical procedure. If there are signs of infection, specimens for culture should be obtained for identification 
of the causative organism so appropriate treatment may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group of antibiotics. 


= Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 


PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR OTHER 
DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINIS- 
TERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICU- 
LARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS 
HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 

Pseudomembranous colitis, from mild to life-threatening in severity, has been reported with 
virtually all antibiotics (including cephalosporins), therefore, it is important to consider its 


-diagnosis when diarrhea develops in association with antibiotic use. Broad-spectrum antibiotics 


alter normal flora of colon and may permit overgrowth of clostridia; a toxin produced by Clostridium difficile 
is a primary cause of antibiotic-associated colitis. Mild cases may respond to drug discontinuance alone; in 
more severe cases, management may include sigmoidoscopy, appropriate bacteriological studies, fluid, 
electrolyte and protein supplementation, and use of a drug such as oral vancomycin; isolation of the patient 


*B fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 


may be advisable. Other causes of colitis should also be considered. 

Precautions: Genera/—Total daily dose should be reduced in patients with reduced urinary output dui 
renal insufficiency because high and prolonged serum antibiotic concentrations can occur from usual dos 
Prescribe with caution in patients with a history of gastrointestinal disease, particularly colitis. Prolony 
use may result in overgrowth of nonsusceptible organisms; repeated evaluation of the patient’s conditio 
essential. If superinfection occurs, take appropriate measures. 

Drug Interactions—\ncreased nephrotoxicity has been reported following concomitant administratior 
cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test Interactions—High concentrations (>100 mcg/mL) may interfere with measuremer 
serum and urine creatinine levels by the Jaffé reaction and produce false increases of modest degre 
creatinine levels reported; serum samples should not be analyzed for creatinine if withdrawn within 2 he 
of cefoxitin administration. High concentrations may interfere with measurement of urinary 17-hydrc 
corticosteroids by the Porter-Silber reaction and produce false increases of modest degree in le 
reported. A false-positive reaction for glucose in urine has been observed with CLINITEST** reagent tabl 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been performec 
carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recommen 
human dosage revealed no effects on fertility or mating ability. 

Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal t 
effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated with a | 
incidence of abortion and maternal death, neither considered teratogenic. There are, however, no adeqi 
and well-controlled studies in pregnant women. Because animal reproduction studies are not alw 
predictive of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been establisher 
children three months and older, higher doses have been associated with increased incidence of eosinop 
and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following intraver 
or intramuscular injection. Other adverse reactions have been encountered infrequently. Local Reactio 
Thrombophlebitis with intravenous administration; pain, induration, and tenderness after intramust 
injections. Allergic Reactions—Rash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and ¢ 
allergic reactions including anaphylaxis. Cardiovascular—Hypotension. Gastrointestinal—Diarrhea, inc 
ing documented pseudomembranous colitis during or after treatment, and, rarely, nausea and vomi 
Blood—Eosinophilia, leukopenia including granulocytopenia, neutropenia, anemia, including hemo 
anemia, thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develc 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, SGPT, se 
LDH, and serum alkaline phosphatase; jaundice. Rena/ Function—Elevations in serum creatinine ar 
blood urea nitrogen levels and, rarely, acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at least 10: 
to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal and other infec! 
involving a collection of pus, surgical drainage should be carried out where indicated. Intramusi 
injections should be well within the body of a relatively large muscle such as the upper outer quadrant ¢ 
buttock (i.e., gluteus maximus), aspiration is necessary to avoid inadvertent injection into a blood vessel 
total daily dosage in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage® vials conta! 
1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


**Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 
‘Registered trademark of Abbott Laboratories, Inc. 


For more detailed information, consult your MSD Representative 
or see Prescribing Information. Merck Sharp & Dohme, 
Division of Merck & Co., INC., West Point, PA 19486 
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CLASSIFIED AD SECTION 


Classified advertising is available in ANNALS OF 
SURGERY for those recruiting personnel or inter- 
ested in obtaining positions. Display spaces avail- 
able for those desiring greater visibility or more 
space for their message. 


Classified ad copy, like other advertising copy, 
will be reviewed for approval prior to publication. 


Classified Rates: $12.00 per line or fraction of 
line. The average line will be 62 characters. Mini- 
mum charge of $50.00 


Box Numbers: Replies may be directed via Box 
# to J.B. Lippincott Company, at an extra charge per 
insertion of $12.00 to cover handling costs in for- 
warding such replies to the advertiser. 


How to Order: Prepayment not required. Send 
typewritten text copy for the ad to: 


ANNALS OF SURGERY 
c/o J.B. Lippincott Company 
Attn: Ronna Ekhouse 
227 East Washington Square 
Philadelphia, PA 19106-3780 
(215) 238-4215 


Deadline: Copy received by the 15th of the 
month will run in the following month’s issue, e.g. 
November 15 for January issue. Ads received after 
the 15th will run in the next available issue. 





Positions 
Available 


VIRGINIA/NORTH CAROLINA- General and Gen- 
eral/Vascular Surgeons sought for practices from moun- 
tains to coast. Featured opportunity: Five-physician group 
in progressive North Carolina city seeks Vascular Special- 
ist. Send CV to: Chris Burns, AM Care Physician 
Search, P.O. Box 2816, Durham, NC 27715; or call 
800-477-0600. 





PENNSYLVANIA - Several surgery opportunities avail- 
able throughout the state. Featured practice: Exceptional 
opportunity for General or General/Vascular Surgeon in 
popular Pennsylvania city. Oncologic surgery interest a 
plus, but not required. Send CV to: Chris Burns, AM 
Care Physician Search, P.O. Box 2816, Durham, NC 
27715; or call 800-477-0600. 





GENERAL SURGERY - General Surgeon with additional 
interest and/or subspecialty training sought to join five mem- 
ber General Surgery Department of a major regional multi- 
specialty clinic in Billings, Montana. 90 physician group 
includes all specialties and is adjacent to an outstanding tertiary 
care referral hospital. Excellent professional opportunity for a 
top notch BE/BC General Surgeon seeking a challenging 
practice in a geographic area which offers unlimited recrea- 
tional potential. Those interested send CV to: Ann B. Oglesby, 
M.D., M.B.A., Medical Director, Billings Clinic, P.O. Box 
35100, Billings, Montana 59107-5100. 


affluent city. Great proximity to coast, lakes and moun- 
tains. Send CV to: Chris Burns, AM Care Physician 
Search, P.O. Box 2816, Durham, NC 27715; or call 
800-477-0600. 





Thoracic/ Vascular Surgeon—Needed to join and ex- 
pand active four man group in desirable community in 
Ohio. (Emphasis on peripheral vascular, pulmonary, 
esophageal surgery and pacemakers). Excellent opportu- 
nity for well trained, highly motivated individual. Medical 
school affiliation possible. Please send Curriculum Vitae 
to Box ANN1191]1A, J.B. Lippincott Company, 227 East 
Washington Square, Philadelphia, PA 19106-3780. 


Cardiac, Thoracic or General Surgeon with cardiac 
experience to join well established four man group in mid 
west. Ideal for physician who desires low stress practice. 
Generous salary and fringe benefits. Please send curricu- 
lum vitae to Box ANN1191B, J.B. Lippincott Company, 
227 East Washington Square, Philadelphia, PA 19106- 
3780. 


BC/BE General Surgeon with interest in trauma and 
critical care is needed to join the Surgical Division in a 
218 physician, private, multi-specialty group practice as- 
sociated with the University of Illinois College of Medi- 
cine; liberal fringe benefits and early partnership; 
malpractice coverage provided; vacation and meeting 
time allowance and moving expenses. Write, including 
CV to Robert C. Parker, Jr., M.D., Medical Director, 
Carle Clinic Association, 602 West University, Urbana, 
Illinois 61801 or call collect 217-383-3399, Fax 217-383- 
3163. 


ECMO FELLOWSHIP: Clinical and Research Fellow- 
ship in Pediatric Extracorporeal Membrane Oxygenation 
and Surgical Intensive Care available for 1 to 2 years. 
Three years of general surgery training required. Send 
Curriculum vitae and three letters of reference to: W. 
Hardy Hendren, M.D., Department of Surgery, Fegan 
3, The Children’s Hospital, 300 Longwood Avenue, 
Boston, MA 02115 





PEDIATRIC SURGERY DIRECTOR/SURGEON-IN- 
CHIEF - The State University of New York (SUNY) at 
Buffalo and The Children’s Hospital of Buffalo are seeking a 
Director for the Section of Pediatric Surgery. The individual 
will serve as the Pediatric Surgery Department Head and 
Surgeon-in-Chief at The Children’s Hospital of Buffalo, which 
is a major teaching hospital of SUNY-Buffalo. He/she will be 
expected to qualify for a faculty appointment as Associate 
Professor or Professor of Surgery. Board Certification in 
General Surgery and Certificate of Special Competency in 
pediatric surgery is required. The candidate will need leader- 
ship skills and vision to direct an academically oriented clinical 
practice, head a pediatric surgery training program, administer 
the surgical services at The Children’s Hospital of Buffalo and 
develop and sustain research and teaching activities. The 
University isan EEO/AA employer. Please direct inquiries and 
curriculum vitae to: Linda Brodsky, MD, Chair, Search 
Committee, Children’s Hospital of Buffalo, 219 Bryant 
Street, Buffalo, New York 14222. 


ganization is seeking general surgeons to service commu- 
nities in rural Southern West Virginia. Competitive salary 
and fringe benefits are offered. A desire and willingness 
to meet the challenges of present day health care delivery 
in rural settings is a must. Part time or full time positions 
are available. Arrangements may also be made to accom- 
modate continued residence outside West Virginia. Send 
confidential resume and inquiries to Box ANN1191C, 
J.B. Lippincott Company, 227 East Washington 
Square, Philadelphia, PA 19106-3780. 





GENERAL SURGEONS: North & South Carolina, 
Pennsylvania, Illinois, Nationwide. SURGICAL ON- 
COLOGY: Pennsylvania, Florida. COLON/RECTAL 
SURGERY: Michigan, Pennsylvania. CARDIOTHO- 
RACIC SURGEONS: North Carolina, Florida. Dr. Len 
Goodman, 5600 Executive Center Dr., #102, Charlotte, 
28212. 704-536-2527, FAX 704-532-0839. 





Outstanding opportunity for BC/BE General Surgeon 
in beautiful midwestern lake community. Take over exist- 
ing successful practice from retiring Surgeon, with no 
buy-in. Coverage from one other GS. Truly impressive and 
progressive, 49-bed hospital has extremely high-tech 
equipment, Pathologist, 24-hour, full-service lab, and 24 
hour emergency room coverage. Community boasts tre- 
mendous schools and spectacular recreational amenities. 
Only 45 minutes from a prestigious, nationally recognized 
university. Excellent financial package includes $120,000 
to $150,000 salary, production bonus, benefits, and vaca- 
tion. Send CV or call Todd Dillon, Jackson and Coker, 
Inc., 115 Perimeter Center Place, Suite 380 11323, 
Atlanta, GA 30346 Tel. 1-800-544-1987. 


al 


Exceptional partnership opportunity with highly suc- 
cessful and respected General/Vascular Surgeon. Candi- 
date must have recent vascular training or experience. 
Beautiful, midwestern community of 25,000 has a four- 
year state university. Highly-regarded, 155-bed hospital 
provides all necessary services. Enjoy low cost of living, 
excellent lifestyle, and wholesome, family-oriented rec- 
reational and cultural amenities. $140,000 salary plus 
bonus with no buy in for partnership. Please respond 
quickly. Send CV or call Todd Dillon, Jackson and 
Coker, Inc., 115 Perimeter Center Place, Suite 380 
11325, Atlanta, GA 30346, Tel. 1-800-544-1987. 





BC/BE General Surgeon recently U.S. trained with in- 
terest in General, Endoscopic, Vascular and Trauma Sur- 
gery to join group of busy Surgeons in a New En gland non 
teaching private hospital with eventual partnership. Send 
CV to Box ANN1191D, J.B. Lippincott Company, 227 
East Washington Square, Philadelphia, PA 19106- 
3780. 





DIRECTOR OF SURGERY - Major hospital center located 
in New York City area is seeking a Director of Surgery to direct 
all clinical and administrative activities including academic 
teaching programs. The position provides the opportunity for 
private practice along with a focus on academics and training 
of surgical residents. Salary and financial guarantees ex- 
tremely competitive. Qualified candidates, respond to: Box 
ANN1191E, J.B. Lippincott Company, 227 East Washing- 
ton Square, Philadelphia, PA 19106-3780. 


Une year program Spomsoreu vy WG veparunout vi r aduv 
& Reconstructive Surgery at the Medical College of Wis- 
consin. Research conducted in a fully equipped laboratory 
involving all aspects of microsurgery. Involvement in 
clinical cases is anticipated. Position available immedi- 
ately and July 1, 1992. For information contact: Hani 
Matloub, M.D., Director of Hand & Microsurgery, 
Dept. of Plastic & Reconstructive Surgery, 9200 W. 
Wisconsin Ave., Milwaukee, WI 53226 or call Dr. John 
Yousif, (414) 454-5477. Equal Opportunity/Affirmative 
Action Employer M/F/H. 





General Surgeons needed for busy, well-established 
Southern Oregon Practice. We are seeking board eligi- 
ble/certified surgeons who are looking for a long-term 
association. Excellent opportunity to practice quality pa- 
tient care in the beautiful Pacific Northwest. Our commu- 
nity is surrounded by excellent schools and many cultural 
and recreational facilities. Outstanding benefits package 
including CME, vacation, malpractice, disability, and 
health insurance. Please send C.V. and letters of reference 
to Box ANN1191F, J.B. Lippincott Company, 227 East 
Washington Square, Philadelphia, PA 19106-3780. 





GENERAL SURGERY - LEXINGTON KENTUCKY 
AREA - Progressive small hospital with nearly $3 million 
in construction projects underway, located in a community 
of 8,000, seeks BE/BC general surgeon to establish solo 
practice. Recruitment is backed by a strong financial pack- 
age with full support from the medical staff. Contact: 
Aaron Risen, 2000 Warrington Way, Suite 250, Louis- 
ville KY 40222: 1-800-626-1857 or 502-423-9622, ext. 
226. 





GENERAL SURGEON needed to associate with another 
General Surgeon in a clinic setting. We are seeking a 
BE/BC General Surgeon who wants to join a challenging 
practice in which salary and benefits are excellent. This 
excellent opportunity exists in a university setting in the 
Upper Peninsula of Michigan which offers unlimited rec- 
reational potential. Please send reply to Box ANN1191G, 
J.B. Lippincott Company, 227 East Washington 
Square, Philadelphia, PA 19106-3780. 





Saratoga Springs, NY-Variety of private practice opportuni- 
ties in Saratoga Springs for BC/BE general surgeons with or 
without vascular experience or fellowship training. Enjoy a 
quality lifestyle with the full support of Saratoga Hospital's 
106-member medical staff. Excellent income potential. Lo- 
cated three hours form NYC, Montreal and Boston, and a half 
hour from Albany, Saratoga is a close-knit community with 
lovely neighborhoods, fine restaurants, specialty shops and 
entertainment including Thoroughbred racing and the Sara- 
toga Performing Arts Center. Close proximity to Lake Placid 
and the Adirondacks, and the Green Mountains of Vermont 
gives skiers and outdoor enthusiasts a number of recreational 
outlets. Send C.V.: Denise Romand, Medical Staff 
Recruiter, Saratoga Hospital, 211 Church St., 
Saratoga Springs, NY 12866. (518) 583-8465 
(days) or (518) 583-3120 (eves). 





















Croup Health is my 
model of the future.” 


Arnold Relman, MD. Retired editor, 
New England Journal of Medicine 






Yale University 
School of Medicine 













ASSISTANT PROFESSOR OF 
SURGERY 


The Department of Surgery, Yale University School 
of Medicine is seeking a general surgeon with special 
training and interest in laparoscopic/endoscopic sur- 
gery for a position on the full time academic faculty at 
the Assistant Professor level. Applicants must demon- 
strate advanced knowledge in the newer laparo- 
scopic/endoscopic techniques, and be able to carry out 
independent research in this area. After a laboratory 
program is established approximately 50% of time will 
be protected research time and 50% will be spent in 
clinical activities including medical student and resi- 
dent education, clinical practice, etc. Previous academic 
experience preferred. 


po highest standards of health care, delivered at 
a price people can afford, is what has earned Group 
Health Cooperative national attention. Our com- 
mitment to our physicians is equally strong. They 
enjoy a collegial team-oriented practice, free from 
the pressures of running a business—leaving them 
time to pursue the ultimate delivery of health care. 































Discover, too, the beauty of western Washington 
State, recognized as one of the most desirable 
places to live in America. For further information 
about becoming a Group Health physician, call us 
toll-free at (800) 543-9323. Group Health is an 
equal opportunity employer. 


Group 
a7} Health 


o¥’ Cooperative 
of Puget Sound 















Please send cv and letters of recommendation by Janu- 
ary 1, 1991 to 













C. Elton Cahow, M.D. 
Professor of Surgery and Chief General Surgery 
Yale University School of Medicine 
P.O. Box 3333 
New Haven, CT 06510. 


Yale University is an EQUAL OPPORTUNITY/ 
AFFIRMATIVE ACTION EMPLOYER. 






















ANTICIPATED FACULTY POSITIONS 
DEPARTMENT OF SURGERY, UAB 


During the academic year 1991/92, it is anticipated that there may be vacancies on the full-time faculty of the Department of 
Surgery in one or more of the following Divisions: 










Division of Cardiovascular and Thoracic Surgery Division of Otolaryngology 
Division of General Surgery Division of Pediatric Surgery 
Division of Neurosurgery Division of Plastic Surgery 
Division of Orthopedic Surgery Division of Urology 






Physicians interested in being considered for academic faculty positions may apply to the Director of the following Divisions: 










Divisions Directors 






Cardiovascular and Thoracic Surgery Albert D. Pacifico, M.D. 











General Surgery Arnold G. Diethelm, M.D. 
Neurosurgery Richard B. Morawetz, M.D. 
Orthopedic Surgery Victoria Masear, M.D. 
Otolaryngology Julius N. Hicks, M.D. 
Pediatric Surgery Keith Georgeson, M.D. 
Plastic Surgery Luis Vasconez, M.D. 
Urology Anton J. Bueschen, M.D 






Applications, which should include a brief summary of training, specialty qualifications, clinical teachin g, and research activities, 
should be addressed to the appropriate Division Director. 






University of Alabama at Birmingham 
School of Medicine 
University Station 

Birmingham, Alabama 35294. 
UAB IS AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER 


WOMEN AND MINORITIES ARE ENCOURAGED TO APPLY 
DEADLINE 1991/92. SEPTEMBER 30, 1992. 








RESEARCH FELLOW - The Galveston Shriners Burns 
Institute has 5 annual NIH sponsored research fellowship 
positions available for individuals who have completed 
two or more years of a surgery residency. Current areas of 
research include: pulmonary injury, GI physiology, 
wound healing, and immunology. Combined annual re- 
search budget in excess of three million dollars. Interested 
individuals should contact Dr. David Herndon, Shriners 
Burns Institute, 610 Texas Ave., Galveston, Texas, 
77550. 


a 


GENERAL SURGEON/VASCULAR SURGEON 
(BC/BE) to join 36 M.D. multispecialty group located in 
the heart of Florida’s Tampa Bay area on the Gulf of 
Mexico. Busy General Surgery Practice, primarily Gen- 
eral, with expanding Vascular Surgery component. Send 
C.V. to Box ANN1191H, J.B. Lippincott Company, 227 
East Washington Square, Philadelphia, PA 19106- 
3780. 


al 


The University of California, Irvine, is offering a one- 
year fellowship position in cardiothoracic Surgery with a 
concurrent Clinical Instructor faculty position. The fel- 
lowship will provide training in adult cardiac surgery, 
transplantation, AICD, thoracoscopy, and congenital 
heart. Applicants must have successfully completed a 
residency in general surgery and be eligible or certified by 
the American Board of surgery. Employment date is July 
1, 1992. Reply with curriculum vitae and list of references 
to: Alan B. Gazzaniga, M.D., Department of Surgery, 
University of California Irvine Medical Center, 101 
City Drive South, Orange, CA 92668-9969. By: Decem- 
ber 15, 1991. The University of California is an Affirm- 
ative Action/Equal Opportunity Employer. 


aE 


CHIEF OF SURGERY The University of Maryland, 
Department of Surgery and the Baltimore Veterans Ad- 
ministration Medical Center are seeking applicants at the 
level of Associate Professor or Professor to be Chief of 
Surgery at the new Baltimore Veterans Administration 
Hospital scheduled for completion in March, 1992. Quali- 
fied applicants will be Board Certified in General Surgery. 
Clinical expertise and teaching experience are essential. 
Research experience and administrative expertise are 
highly desirable. The selected applicant will also be Asso- 
ciate Chairperson of the Department of Surgery at the 
University of Maryland. Interested candidates should sub- 
mit a current curriculum vitae and three professional ref- 
erences to: Anthony L. Imbembo, M.D. Professor and 
Chairman Department of Surgery c/o Lois Reisig, 405 
W. Redwood Street, 5th Floor, Baltimore, MD 21201 
EOE/M/F/H/V Minorities and females are encouraged to 


apply. 





The University of Pennsylvania Department of Surgery 
invites applications for a faculty position at the Assistant 
Professor level. Candidates must be Board-certified/eligi- 
ble in General Surgery, with specialization in gastrointes- 
tinal surgery, have demonstrated skills in research, patient 
care, and teaching. Send curriculum vitae, list of publica- 
tions, and three letters of recommendation to Box 
ANN11911, J.B. Lippincott Company, 227 East Wash- 
ington Square, Philadelphia, PA 19106-3780. The Uni- 
versity of Pennsylvania is an equal opportunity/affirmative 
action employer. 


ACGME ACCREDITED SURGICAL CRITICAL 
CARE FELLOWSHIP in the University of Pittsburgh 
Multidisciplinary Critical Care Training Program. ABS 
eligible or certified surgeons and surgical residents after 
three years of training are invited to apply to this unique 
program. Candidates may also consider our combined 
training programs in trauma/critical care or transplanta- 
tion/critical care. Contact: Director, MCCTP, Division of 
Critical Care, Presbyterian University Hospital, 
DeSoto and O’Hara Streets, Pittsburgh, PA 15213. 
EO/AA Employer. 
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GENERAL SURGEON 


BC/BE General Surgeon with strong train- 
ing in vascular surgery wanted to join a busy, 
well established group of eight. Physician will 
join large multispecialty group of 260. 


Physicians practice in 400 bed tertiary and 
trauma hospital adjacent to main clinic. 
Metropolitan community of 130,000 in the 
_| Upper midwest with two universities and a 
`| private liberal arts college with an attractive 
i lifestyle. Affiliation with medical school and 
surgery residency program available. 


Please respond with full curriculum vitae to: 


Robert C. Montgomery, M.D. 
} 737 Broadway 
Fargo, ND 58123 















An educational tool 
you may have overlooked... 


REPRINTS 


You look to Lippincott Journals for fast-breaking news in 
your specialty. Articles on new techniques. ..new methods 
of treatment... original research.. .clinical trials... the latest 
technology. 


Now you can share this important information...with 
your students, your staff, your colleagues. 

Lippincott will reprint articles of your choice in quantities 
from 100 to 1,000...or more! Interested? Call us at 
(215) 238-4267. We'll be glad to provide the information 


you need about quantities and prices. 
pe J.B. Lippincott 
17 M92 
i A Wolters Kluwer Company 


227 East Washington Square ° Philadelphia, PA 19106 
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CME Opportunities for the General Surgeon 





Specialty Review in 
General Surgery, Part II 
February 17 — 24, 1992 
Chicago, Illinois 


A thorough review of modern 
surgical practice, with emphasis 
on practical, clinical aspects. 
Includes an overview of surgical 
anatomy. Useful for those who 
have recently completed their 
training or as an update for more 
experienced surgeons. 


eS ee 
Presented by 


THE 
GRADUATE 
SCHODL inene 


CME of Distinction 
Since 1932 


General Surgery Update 
March 23 — 26, 1992 
The Cloister, Sea Island, Georgia 


A practical, timely program 
presented at one of the most 
luxurious and beautiful resorts 
in the Southeast. Topics on this 
year’s program include laparo- 
scopic surgery (new procedures, 
results, complications), the 
interdisciplinary approach to 
patients with colorectal cancer, 
management of GI bleeding in 
the ICU, management of portal 
hypertension in critically ill 
patients, advances in vascular 
surgery. There is ample time to 
meet informally with our nation- 
ally renowned faculty and to 
participate in recreational 
activities of your choice. 


Advances in Surgery 
April 27 — May 1, 1992 
Chicago, Illinois 


Useful, relevant information 
presented by a distinguished 
faculty, most of them practicing 
surgeons. Call for complete 
program. 





Call 


1-800-621-4651 


or write to us at 
707 South Wood Street 
Chicago, Illinois 60612 
























NEW HAMPSHIRE 
GENERAL SURGEON 


BC/BE General Surgeon to join two 
established BC surgeons in expanding 
department in Southern New Hampshire, 
part of a multi-specialty group practice 
affiliated with Dartmouth-Hitchcock 
Medical Center. The area is 55 minutes 
from Boston and near the White 
Mountains, Lakes Region and Atlantic 
Seacoast. 


Send C.V. to: Philip Gordon, M.D., 
Administrative Offices, The Hitchcock 
Clinic, 25 South River Road, Bedford, NH 
03110. 


Shi Dartmouth-Hitchcock Medical Center 


The Hitchcock Clinic 
Manchester 


This publication 
is available 
in microform. 


UMI reproduces this publication in microform: microfiche 
and 16 or 35mm microfilm. For information about this 
publication or any of the more than 16,000 periodicals 
and 7,000 newspapers we offer, complete and mail this 
coupon to UMI, 300 North Zeeb Road, Ann Arbor, MI 
48106 USA. Or call us toll-free for an immediate response: 
800-521-0600. From Alaska and Michigan call collect 
313-761-4700. From Canada call toll-free 800-343-5299. 
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Problems in Gastrointestinal Endoscopy 


“This issue has been planned... to highlight recent cha 
endoscopic practice and achievement depends primari 


of their specialty orientation. . .” 
Contents - 19 Chapters, including: 


E Endoscopic Laser Therapy in Upper 
Gastrointestinal Bleeding/Harmut Stoltzing 
and Klaus P. Thon 


E Malignant Tumors of the Gastrointestinal 
Tract / John G. Hunter 


nges in endoscopic practice... the future of 
ly on people with endoscopic skills, regardless 
Philip E. Donahue, M.D., Guest Editor 


E Endoscopic Techniques for Enteral Access and 
Alimentation/John D. Mellinger, Steven M. 
Schonholz and Jeffrey L. Ponsky 


LS 


About 214 Pages. 61 Color Figures. Hard Covers. 


65-13261. Available December 1990. $45.00 


E Laparoscopically Guided Cholecystectomy/ 
Karl A. Zucker 


a 


Please use the coupon below or CALL TOLL FREE 1-800-638-3030 (USA except AK) 


Fippincott Company m P.O. Box 1600, Hagerstown, MD 21741-1600 


A Wolters Kluwer Company 


=: 
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Yes! Please send me for 30 days’ on-approval examination: 
O Problems in Gastrointestinal Endoscopy $45.00 (65-13261) 


O Payment enclosed* (save postage & handling) 
© Bill me (plus postage & handling) 
O Charge it:*(save postage & handling) 





O Mastercard O Visa 
| Name Card No. Etiam 
* Add Sales Tax Prices in U.S. funds and subject 
| Address CCC _ to change. Orders subject to approval of Lippincott. 
| City/State/Zip aall Offer valid in U.S. and Canada Only. 
eee Signature ——————____ AGS191-AJGSAAAI1 


ROCEPHIN® (ceftriaxone sodium/Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 


UNCOMPLICATED GONORRHEA (cervical/urethral and rectal!) caused by Ne/sseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains, and pharyngeal gon- 
orrhea caused by nonpenicillinase producing strains of Neisseria gonorrhoeae. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P. mirabilis, K pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (€.g., 
during coronary artery bypass surgery). 


Although ceftriaxone has been shown to have been as effective 
as cefazolin in the prevention of infection following coronary artery 
bypass surgery, no placebo-controlled trials have been conduct- 
ed to evaluate any cephalosporin antibiotic in the prevention of 
infection following coronary artery bypass surgery. When admin- 
istered before indicated surgical procedures, a single 1 gm dose 
provides protection from most infections due to susceptible orga- 
nisms for duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isola- 
tion of the causative organism and for determination of its suscep- 
tibility to the drug. Therapy may be instituted prior to obtaining 
results of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY 
TO DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS 
MAY REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE 
AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters norma! flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate 
to severe cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that 
of other cephalosporins. 


Ceftriaxone is excreted via both biliary and rena! excretion (see Clinical Pharmacology). There- 
fore, patients with renal failure normally require no adjustment in dosage when usual doses of 
Rocephin are administered, but concentrations of drug in the serum should be monitored period- 
ically. If evidence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in 
patients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not 
exceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or 
during therapy. 


Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


Rare cases reported of sonographic abnormalities seen inthe gallbladder; patients may also have 
symptoms of gallbladder disease These abnormalities, variously described as sludge, pre- 
Cipitations, echoes with shadows, may be misinterpreted as concretions. Chemical nature of son- 
ographically-detected material not determined. Condition appears to be transient and reversible 
upon discontinuation of Rocephin and conservative management. Therefore, discontinue 
Rocephin if signs and symptoms suggestive of gallbladder disease and/or the sonographic find- 
ings described above develop. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
= = doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 


PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 


Once-a-day 


Rocephin. |. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED. ceftriaxone sodium/ Roche 





ROCEPHIN® (ceftriaxone sodium/Roche) 

Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment III 
(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal 
growth, functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have 
been established for the dosages described in the Dosage and Administration section. /n vitro 
studies have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from ser- 
um albumin. Rocephin should not be administered to hyperbilirubinemic neonates, especially 
prematures. 

ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 

LOCAL REACTIONS — pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after |.V. administration. 


HYPERSENSITIVITY —rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 


HEMATOLOGIC — eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less fre- 
quently reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and 
prolongation of the prothrombin time. 


GASTROINTESTINAL — diarrhea (2.7%). Less frequently reported (less than 1%) were nausea 
or vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or 
after antibiotic treatment (see WARNINGS). 


HEPATIC — elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL — elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM — headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY — moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS — diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, adecrease 
inthe prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a 
day) depending on the type and severity of the infection. The total 
daily dose should not exceed 4 grams. 


For the treatment of serious miscellaneous infections in children, 
other than meningitis, the recommended total daily dose is 50 to 
75 mg/kg (not to exceed 2 grams), given in divided doses every 
12 hours. 


Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections long- 
er therapy may be required. 


In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be administered with or without a 
loading dose of 75 mg/kg. 
For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 
For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 
When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 
No dosage adjustment is necessary for patients with impairment of renal or hepatic function: how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis 
patients) and in patients with both renal and hepatic dysfunctions. 
HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 
Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone: bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 
Also supplied as a sterile crystalline powder as follows: 
ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 
Also supplied premixed as a frozen iso-osmotic, sterile. nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,’ as follows: 
1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 
2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 
NOTE: Rocephin in the frozen state should not be stored above -20°C 
"Registered trademark of Abbott Laboratories. Inc. 
‘Manufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenol Labo- 


ratories, Inc., Deerfield, Illinois 60015. 
Revised: February 1991 


Roche Laboratories 


<> a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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